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The Jersey City water supply contract has been de- 
clared invalid by the State Supreme Court. The principal 
ground for the decision. aside from the indefiniteness of 
the specifications, was, in the language of the syllabus: 

Bids having been expressly invited upon the condition 
that the contractor should provide reservoirs capable of 
storing a water supply for 100 days’ delivery at the rate of 
50,000,000 gallons per diem, the contract was net law- 
fully awarded to one of the bidders for the reason that 
it offered to provide a storage capacity sufficient for 250 


days 

The contract was awardedin the fall of 1895 for a 
new gravity water supply from the Rockaway River. It 
was given tothe Jersey City Water Co. at a price, in 
case the city should buy the works, $2,300,000 above 
the offer of the lowest bidder. The award was taken 
into the court by a number of taxpayers and interested 
competitive bidders. At the same time a contract for a 
temporary supply was awurded to the East Jersey Water 
Co., to be taken from the surplus waters of the Newark 
pipe line. This supply is now in use, but as noted in our 
issue of Jan. 16, only asmall amount of water can be 
furnished Jersey City, owing to the deficient carrving 
capacity of the Newark pipe liue. The decision cited 
above also affirms that the water rights in the Rockaway 
drainage area pertaining to the Murris Canal might be 
condemned for water supply purposes, if proper legisla- 
tive authority were secured, but that no authority now 
exists which would enable those waters to be condemned 
for Jersey City. This part of the opinion serves to tem- 
porarily strengthen the hold of the water syndicate, or 
the East Jersey Water Co., on the Ruckaway drainage 
area, but to make clear that this hold need be only 
temporary whenever the people of New Jersey choose 
to assert their independence of the syndicate. 


ren 


The right of the city of Philadelphia to use the water 
of the Schuylkill River, in connection with the proposed 
Berwyn water supply, is the subject of an opinion late'y 
addressed by City Solicitor Kinsey to the Director of 
Public Works. Mr. Kinsey, after tracing the history of 
the city’s water supply from 1701, and from 1799, when 
the first pumping engine was introduced, concludes as 
follows: That Philadelphia has the natural right to use 
the Schuylkill water to its fullest extent for purely 
domestic purposes, irrespective of the rights of the 
Schuylkill Navigation Co., and is only limited by the 
rights of towns farther up the river to use this water for 
a similar purpose. But persons and towns up stream 
may use as much water as necessary for domestic pur 
poses without reference to the needs of Philadelphia 
By the agreement with the Schuy!kill Navigation Co. the 
city acquired the right to use for any purpose all the 
water in the pools in excess of that required for naviga- 
tion; and by long use and legislative sanction anid 
direction, Philadelphia acquired tne right to use and re- 
ceive the waters of the Schuyikill and its tributaries, in 
excess of that required by individuals and towns on 
these streams above Philadelphia. The town of Berwyn, 
Pa., not situated on the Schuylkill water-shed, now 
proposes to divert the water of Pickering Creek to its 
own use and away from communities living on said 
creek. Mr. Kiasey concludes by saying that ific can he 
shown that sucn diversion is or will be prejudicial to the 
Tights of Philadelphia, there seems to be no reasonable 
doubt but that the Berwyn authorities can he restrained 
from committing the injury. He advises investigation 
as to the extent of the proposed diversion. 


Rochester, N. Y., is spending $1,500,000 in building an 
east side trunk sewer anda west side sewer ; but, whiie 
these sewers will abate nuisances caused by the dis- 
charge of sewage into small streams, the question of 
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final sewage disposal is still unsolved, as the outlet is 
into the Genesee River 5 miles above its mouth. This 5 
miles of river has an average depth of 24 ft., and is from 
280 to 480 ft. wide; but the summer current is almost 
nothing, at times not exceeding one mile in three days. 
City Engineer J. Y. McClintock calls attention to work 
necessary in the immediate future in this connection,and 
strongly and wisely urges that the subject be studied 
and reported upon by the ablest experts in engineering 
and in law that can be secured. The lawyers are needed 
because one of the schemes of relief proposed involves 
the storage of Genesee River water by a 130 ft. dam and 
the creation of a hydraulic plant of 30,000HP. While 
this project would provide the flow in the lower river 
needed and be advantageous to the city, it necessitates 
disputing the claim uf the State to the water of the 
Genesee for canal purposes. This dispute bristles with 
cowplicated legal details, and both sides of the case 
urgently demand the best expert service. 
Saad alaleaetasekece 

The aw1rds for the best plans for the Montreal bridge 
across the 8t. Lawrence have not yet been declared, not- 
withstanding the reports to that effect which have ap- 
peared in the daily papers. From the large number of 
plans submitted three have been selected, and have been 
submitted to the Government engineers. When they 
have reported the decision will be made as to the first 
and second best plans. The bridge is to be built for the 
Montreal Biidge Co., of which Mr. C. N. Armstrong is 
Managing Director. The location and general designs 
were published in our issue of Feb. 14, 1895. 

> 

Another East River bridge project is reported as being 
pushed by Mr. Frederick Uhlmann on a charter held 
since 1892, which included also the bridge site lately 
aold by Mr. Uhimann and his friends to the new East 
River Bridge commission. These two bridges were to 
have a common terminal at Grand S8t., New York, 
and as the commission now owns this terminal, Mr. 
Uhimann will have to find another for the other leg of 
the V. The charter fur the bridge now being pushed by 
Mr. Uhlmann calls for a beginning at Hudson Ave., in 
Brooklyn, and legislature will be needed to obtain a new 
landing in New York and the permission to build an 
elevated road across New York. The real object of Mr, 
Uhimann and those interested with him appears to be to 
extend the Brooklyn elevated railways into New York 
city. 


os 


The Michigan Central Bridge Co. filed articles of asso- 
ciation with the Secretary of State of Michigan on Jan. 
23 for the purpose of constructing a railway bridge over 
the Detroit River at Detroit. The capital is $2,000,000, 
one-half the estimated cost of the bridge, which is to be 
about three miles long. The incorporators are Cornelius 
Vanderbilt, Chauncey M. Depew and C. F. Cox, of New 
York, and H. B. Ledyard, Ashley Pond and H. M. Camp- 
bell, of Detroit 


ones 

The most serious railway accident of the week was a 
grade-crossing collision Jan. 25 bear Santa Clara, Cal., 
where the Southern Pacific Ry. crosses a narrow-gage 
line. The Monterey express, which had the right of way, 
was passing over the crossing, when the signalman be- 
eame confused and signalled a train on the narrow- 
gage lineto come ahead. The engine of this train and 
the baggage car and a day car of the express were badly 
wrecked. Seven persons were injured, some seriously. 
—tThe caving in of the ground over a coal minv at 
Sugar Loaf, Pa., caused the derailment of a passenger 
train on the Lehigh Valley R. R. Jan. 20. The engine 
was overturned and the engineman was killed. The de- 
pression was about 8 ft. deep and 2v ft. long. 


The rear driving axle of the engine of a passenger train 
on the Central R. R. of New Jersey broke Jan. 22, just 
as the train was starting from Elizabeth, N. J. As the 
speed was slow, only the engine was derailed, and no- 
body was hurt. 


The steam chest of a locomotive on the New York & 
Long Branch R. R. burst at the station at Point Pleasant, 
N.J,on Jan. 25. Noone was injured. 

sicictanel Siiaiamscoeacelians 

A landslide blocked the New York Central R. R. two 
miles above Tarrytown, N. Y., Jan. 24, but one track 
was kept clear for traffic. 

The boiler of a Pennsylvania R. R. locomotive exploded 
Jan. 22 while the engine was haulivga fast passenger 
train, near South Charleston, O. The train consisted of 
nine passenger cars and two mail cars, none of which 
were derailei. The engineman and fireman were killed 
and some of the passengers slightly injurec. 


The trestle at Glencoe, Pa., on the Baltimore & Ohio 
R. R., gave way under a derailed train, Jan. 22, and six 
cars went down with the wreck, while others were 
wmashel on the remaining portion of the structure. A 
broken brakv-beam is said to have caused the derailment. 


sameeren enter 


By the breaxing of an ice gorge in the Maumee River 
about eight miles above Toledo, O., two spans of new 
bridge in the course of construction were carried away. 
The loss will be about 850,000. 
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A flywheel at the Duqueane Tube Works, Pittsburg, 
Pa., burst Jap. 24, and one of the pieces killed a man in 
the engine room. 

The cable of an elevator at the Ohio Steel Works, 
Youngstown, O., parted Jan. 22. Of three men in the 
cage, one was killed and two were seriously injured. 

The explosion of dynawite cartridges which were being 
thawed out at a fire by laborers near Bixler's, Pa., killed 
one man, fatally injured another, and more or less 
seriously injured eight other men. 

saaltiinn 

An explosion of a wagon load of nitro glycerine took 
place at St. Mary’s, O., on Jan. 25, killing the driver and 
two horses. The shock was felt for many miles around. 

ee 

A 12-in. main carrying natural gas under 300 Ibs 
pressure from the gas pumping station at Red Key, Ind., 
in the center of the Ohio and Indiana gas field, burst at 
the pumping station, on Jan. 21, killing one man, tin- 
juring seriously four others, and destroying the station, 
causing a loss of about $100,060. The cause is said to 
have been excessive pressure on the pipe. The escaping 
gas was lighted by the fires under the boilers in the eta- 
tion, and exploded, wrecking and setting fire to the sta- 
tion. The station supplied Lima, O., and intermediate 
towns with gas. It will be rebuilt at once. 

> 

The American Line Steamship “St. Paul,” on the 
night of Jan. 25, and during a dense fog, being off its 
course, ran aground on the sand beach opposite Long 
Branch, N. J. The “St. Paul” was approaching 
New York harbor, and the accident is ascribed to a false 
reading of the hand-lead by one of the officers of the 
ship, the 7-fathom mark being mistaken for 17 fathoms. 
Up to this date, Jan. 30, all efforts to haul off the big 
steamship have failed, and she lies imbedded in about 10 
ft. of sand for the whole length of her keel. Passengers 
and cargo have been landed, and the officers of the ship 
and the Merritt Wrecking Co, await, with all pre- 
parations made, favorable wind and tide. The “8t. 
Paul” was launched from the Crimp shipyard on April 
10, 1895. She is 554 ft. long, over all, 64 ft. wide, 42 ft 
molded depth, and at 26 ft. draft has a displacement of 
16,000 tons. 


iets 

A steam boiler, 40 years old, running a cotton-gin near 
Cummock, N. C., exploded op Jan, 21, killing two men. 
A rusty valve, which prevented the water fromgetting 
into the boiler, is reported to have been the cause. 


Explosions occurred in two coal pits at Pont-y-Pridd, 
Wales, on Jan. 27, entombing a large number of miners 
and destroying the shafts by fire. The latest dispatches 
say that 43 men were killed, and that 42 had been 
rescued alive. 

Electric currents have been playing new pranks in 
Brooklyn. A wire of the Municipal Electric Light Co., 
from which the insulation had worn off by swaying 
against the branches of trees, came in contact with their 
water-soaked limbs on the night of Jan. 24, and gave a 
startling pyrotecunic display, finally setting fire to the 
trees. One tree was completely burned except the 
charred trunk. Before it took fire it was enveloped in 
blue flame. 

eo 

Another curious freak of the electric current caused 
great annoyance to passengers on the Metropolitan Ele- 
vated Railroad in Chicago on the night of Jan. 22, The 
current is delivered to the cars through a third rail. A 
sleety rain caused a coating of wet ice to form over the 
rail and the ties, by which the current was grounded and 
the whole car system came to a standstill until the ice 
could be cleared from the line, which took several hours. 
As drops of rain fell upon tae electritied ice sparks were 
given out, and at times the whole line glowed as if it 
were ablaze. The trouble lasted from 8 to 11 p.m. It 
makes an argument against the three-rail and in favor 
of the overhead trolley system. 

-——--+0 

A charge of dynamite in a bore-hole in an excavation 
in 138th 8t., New York, exploded prematurely on 
Jan. 23, killing one man and injaring a second. A series 
of four holes was fired, and one of them failed to explode. 
A workman attempted to draw the cartridge with a steel 
instrument called a spoon, which probably broke through 
the covering of the cartridge, causing the explosion. 
The man using the spoon was severely injured, and 
another who was near by was killed by the flying rock 
fragments. 

——- - +09 > 

Boston, Mass., through the annual report of its Harbor 
and Land Commissioners, asks that the Federal Govern- 
ment deepens the ain channel in its harbor to 30 feet 
at mean low water. At the present time the, govern- 
ment is at work on a project to provide 27 ft. of water, 
at mean low tide, and « channel 1,000 ft. wide upto the 
city wharves. The Commissioners claim that the in- 
crease in the draft of vessels since the work was entered 
upon, makes this depth insufficient for the needs of the 
harbor, and they say that the expenditure of less than 
$750,000 will remove all obstructions and provide for 
the deeper channel. 
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THE LEVEES OF THE MISSISSIPPI RIVER. 
By William Starling,” M. Am. Soc. C. E. 
(With Inset). 

The conformation of the flood plain of the Miss- 
issippi renders it peculiarly favorable to protection 
by levees. By the alternate approach and reces- 
sion of the hills which border it, the great plain, or 
“bottom,” is divided into coves or basins, which 
are usually separated, at either end, from the 
adjoining basins by ridges, which are above over- 
flow, and which, therefore, afford points of support 
tor independent levee systems, 

It is not found profitable to protect very narrow 
tracts, for the simple reason that it costs as much 
to protect an area one mile deep as fifty. Now the 
average width of the alluvial valley of the Miss- 
issippi is about 35 miles. Were the levees continu- 
ous on both sides, one mile of levee on each bank 
wvuld protect 17.5 miles of territory. There are, 
however, considerable stretches on the left bank 
(from Cairo to Memphis, and from Vicksburg to 
Baton Rouge) where the river runs so close to the 
nills that no levees are required. Approximately 
speaking, when the levees now building or pro- 
jected are completed , each linear mi!e of embank- 
ment will protect about 20 square miles of 
bottom land. 


Drainage of the Levee Basins. 


The great basins, of course, must have drain- 
age. In regions less fortunately situated this 
must often be artificial. In Holland, for in- 
stance, a great part of the rain and seep water 
must be got rid of by pumping. In the case 
of the Mississippi the great and continuous 
slope of the flood plain obviates this difficulty 
at some sacrifice. Each basin is drained by one 
or more rivers, which usually run close to the 
base of the hills, and whose tributaries ramify 
to the uttermost recesses of the district. In 
accordance with the usual law of sedimentary 
streams the tract of land which adjoins the 
Mississippi is higher than any other part of the 
plain, and there is a gradual slope back, in each 
instance, to the tributary. There is thus a very 
complete system of drainage to each district, the 
outfall being the foot ot the basin, usually de- 
fined by the chain of hills which forms its 
boundary on the side remote from the Missis- 
sippi. 

It is impracticable to levee the mouths of the 
tributaries, because then the drainage, at high 
water, would have to be by pumping, and the 
amount of water which would accumulate-would 
be very great. In time of flood the rainfall is 
often excessive. In April, 1874, in the Yazoo 
Basin, it reached 22 ins., and the rain-water 
discharge of the Yazoo River is sometimes 
100,000 cu. ft. per second or more. This is 60 
or 70 times the capacity of the greatest pump- 
ing plants in existence. 

If the front of a basin be sealed by levees, 
joived to the hills at its head and extending as 
fur as the mouth of its drainage stream at its 
foot. the water of the Mississippi can get access 
to it only through the gap caused by the en- 
trance of the tributary. The plain of the Yazoo 
Basin has a mean slope of about 8 ins. to the 
mile. At a distance of 15 miles above the 
lower end of the levee system, therefore, the 
level of the back-water from the Mississippi 
will be about 10 ft. below that of the river- 
water. Now, the hills which bound the basins 
usually approach the river gradually, so that 
the lower end of the basin has much less than 
the average width. In the instance cited tbe 
levees extended to the mouth of the Yazoo River. 
The area of the alluvial tract from its month to a 
line 15 miles above it would be about 250 square 
miles. in the case of the St. Francis it would 
hardly be more than half of this amount. Of these 
areas large tracts have so high a situation that 
they are several feet above the back-water. Part 
of the remainder is irreclaimable swamp. On the 
whole, the sacrifice is small compared with the 
benetit. 


Materials Used in Levee Building. 


The levees are plain, earth embankments, with- 
out puddle walls or foundatious of any kind, un- 


2 Engineer, Mississippi Levee District, Greenville, 
8a, 
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less, indeed, under the latter head we include 
muck-ditches, hereafter to be mentioned. 

From economical considerations, the choice of 
materials is confined to the limits of an ordinary 
haul. Now, there are several kinds of earth to be 
found in the Mississippi Valley. There is: first, 
sand; second, clay; and third, loam. None of these 
is usually pure, but they are mixed in various pro- 
portions, as they dropped from the water which 
once carried them in suspension, The sand is 
usually fine and mixed with earthy particles, so 
that it is not good for cement. The clay is of the 
blue plastic variety, and varies according to its 
origin. In the older part of tke flood-plain it cor- 
responds to the * gumbo” of some of the Western 
States. Geologically, it is thought to be the equiv- 
alent of the “ boulder-till” of tue drift period, as- 
sorted and separated from the coarser constituerts 
which accompany it in more northern situations. 

There are many parts of the flood-plain, however, 
which are of very recent origin; some have been 
formed within the memory of man, and some are 
even now in process of construction. The mate- 
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rials for the buildiag of new tracts have generally 
been derived from the older portions of tbe plain. 
They are the workings-over ot the original de- 
posits. They are therefore essentially of the same 
character, and are not always to be distinguished 
from the older soils. 

The ancient and the recent clays are confounded 
together in common parlance, and are embraced 
collectively under the name of “buckshot” soil, 
from its peculiarity of breaking, when dry, into 
minute fragments about the size of bullets. It is, 
as usually found, not at all pure, but 1s mixed with 
a considerable percentage of sand. 

Loam, as the term is usually understood in the 
Mississippi Valley, 1s a fine and light soil, largely 
sandy in composition, which seems to be nearly 
identical in composition with the loams of the 
Missouri and the bluff formation of the Lower 
Mississippi. In its predominant characteristics it 
resembles that soil strongly. Doubtless ii is mostly 
derived from the floods of the Missouri 

Of these materials, clay is the best for levees and 
loam probabty the worst. The great advantage of 
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clay is its resistance to the action of water, \ 
to the wayes of the river or to the erosi,y. 
of water percolating through holes or cavit 
also turns water better than either of th. 
earths, It cracks open with dry weather, - 
often, in summer and autumn, long an. 
fissures may be seen, running longitudina|! 
the levee, as if made by an earthquake. 
eracks close, however, when the clay gets w. 
the embankment, if well built, becomes fai: 
pervious to water. 

Sand is usually much distrusted on acco, 
its permeability and looseness. It will not 
the action of waves at all, even when well so. 
and a hole or defect of any kind greatly im). ;\), 
the existence of the levee. This disadvant,.. ; 
partially offset by the fact that the walls of 


ties in this material often fall in and sto) :} 
flow, thus giving time to work. To allow 
such contingencies sand levees should be |, 
of ample dimensions. 

It has been objected to pure sand that w'! 
saturated with water it is apt to slip or slong 
on the back or land slope. As has been alres 
stated, there is very little pure sand to be fo.) 
in tne alluvial soil of the Mississippi plain. 
Where itis the predominating constituent the 
embankments are always given a flat back slope, 
at least three to one, or are reinforced by ban- 
quettes Furthermore, they are well sodded, so 
that slips are not common unless the wate: 
should get against the levees while they are 
yet green. Such incidents are especially likey 
to huppen when wheelbarrows have been used 
in construction. Elsewhere, serious disasters 
have been reported from the employment of 
pure sand as a material. In East Holstein. in 
1872, when certain sand levees had been ex- 
posed for a long time to the pressure of water 
at high stages, and had become thoroughly in 
filtrated, {the back slope sloughed away, thie 
crown sank, and whole stretches of levee sud- 
denly disappeared. In this instance the dikes 
had been constructed of pure sand from thie 
dunes, with a pitching of clay on the water 
side, but the latter had been damaged by storms* 

The quality of loam which renders it particu- 
larly undersireable isits lightness and the fine- 
ness and want of coherency of its particles. 
These qualities render it very treacherous. It 
is softer and more yielding than sand, and 
when thoroughly wet it becomes almost a mud. 
Alevee built of this material, after the water 
has stood against it a month or so, may be 
pierced by a sharpened rod for a depth of ten 
or twelve feet with little difficulty. So also 
may the adjacent naturai soil, if it be of the 
same constitution. Hence banks built of 
this sort of earth are always given extra 
strength. : 

Clay does not stand well at grade. It is al- 
ways settling more or less, and it requires cou- 
stant looking after and repair to keep it up 
to standard height. Sand and loam sbrink 

very little and never beyond a certain point. 

An extensive and careful series of experiments on 
earths for levee-building purposes was made ii 
Germany from 1872 to 1877 by Mr. B. Schelten 
and published in the “ Zeitschrift fur Bauwesen” 
for May of the latter year. The objects of the in- 
vestigation were manifold: to determine the quai 
tity of sand in the various earths submitted, thc 
coarseness of the sandy particles, the specific grav- 
ity of the specimens, the proportion of carbonate 0! 
lime therein, their relative rates of shrinkage whe: 
dried, their tensile strength, their resistance to t!« 
action of still water, of running water and of rai1- 
fall, and finally their capacity for retaining moist- 
ure. The immediate impulse to these experiments 
was given by the failure of the sand-dikes in Eas' 
Holstein previously noted, when, in Mr. Schelten s 
words, “the whole dyke system was annibhilate:! 
and leveled with the ground.” 

This is not the place to give a detailed accoun' 
of Mr. Schelten’s experiments or of the ingenio.- 
methods employed by him. His conclusion wa: 
that it was better to incur the expense of hauli:- 
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ble material a long distance, even by the use 


su! 
‘emporary track and locomotives. 


. \. to what constitutes suitable material, it was 
cop: luded that in point of specific gravity there 
was but little difterence between the several varie- 
ties of earth, the greater weight of the individual 
particles of sand being offset by the number of 


vols between them. So far as resistance to the 
action of water, both still and moving, was con- 
versed, it seemed to be in proportion to the cohesive 
r tensile strength of the mateisial—that is, it was 
itest with clay and least with sand. Capacity 
shrinkage was just the other way. It was 
found that a moderate percentage of carbonate of 
lime was not injurious, but that this material af- 
forded a stronger resistance to the impact of waves 
than to the gradual dissolving action vf a long- 
continued pressure of still water. 

On the whole, it was conclmied that a percentage 
of sand as high as 45 would not render a material 
absolutely unsuitable. The best earths were 
thought to be contained within the percentages of 
16 and 25, and of these the preference was given to 
those which had from 15 to 18 % of sand. 

Usually the Mississippi River engineer has very 
little choice as to the material be will use. It must 
be such as lies in front of the line he has located, 
and the location is generally determimed by very 
different considerations than that of the quality of 
the material 

Like most alluvial soils, the Mississippi flood- 
plain is composed of alternating strata of various 
thicknesses and positions. The top soil may be 
c'ay for a foot or two, and then we may come to a 
sand-stratum 10 ft. deep. A quarter of a mile 
further on the top soil may be sand and the sab- 
oil clay, or either kind of earth may extend down- 
ward for an indefinite distance. Loam is always a 
top soil, but is of various thickness. Usually a 
fair idea of the distribution of the strata may be 
obtained by an examination of tlhe exposures at 
the abraded river bank, or, in remote places, by 
rough borings made with a post-hole digger. It is 
usually considered by levee-engineers that a judi- 
cious mixture of sand and clay makes, on the 
whole, the most desirable levee 1n facility of con- 
struction and in qualities of a permanent nature. 
Clay is very hard to work in very dry weather. and 
also after rain. Sand can be worked at any time. 
It is very usefalin assisting to make roads for the 
teams. It drains easily. When mixed with clay, 
it prevents the latter from cracking and from un- 
due shrinkage, without too much impairing the 
toughness and resisting qualities of the latter. 

Loam is a soil which.is very easily handled by 
the contractor when it is dry. It ‘‘ packs” very 
well, and stands at grade admirably. When wet, 
however, especially when the ground is saturated 
with seep-water, it is extremely treacherous, both 
in the borrow-pits and iu the bank, and teams can 
hardly walk on it without “miring.” It is very 
permeable, and is likely to slough unless the back 
slope be flat and well sodded. 

It would be possible, no doubt, to obtain a better 
selection of material in each case by a longer haul, 
and to distribute it better in the bank by a more 
minute and careful superintendence and by paying 
an extra price, but hitherto all other considerations 
have bsen dominated by the one necessity of 
economy. In Holland the strongest and best 
material is uniformly thrown on the front slope, 
the weaker and less desirable being placed in the 
body and back of the dike. We have not yet 
attained to these retinements. The pressing demand 
foriucreased height of the levees as the system is 
approaching perfection and the confinement of the 
flood-waters is more nearly complete, and the 
scantiness of resources compared with the magni- 
tude of the work still to be done, have made cheap- 
ness the prime consideration. 
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Precautions in Construction. 


In building a levee the first of all precautions to 
be taken is to clear the ground thoroughly of all 
trees and vegetable or other extraneous matter. 
Stumps must be grubbed out by the roots, or, still 
better, be blown ont by the use of explosives. Ac- 
cording to the ordinary practice of contractors a 
hole is worked under the stump, sprang with a 
dynamite cartridge or two, and the mine is then 
charged with Judson powder and exploded by 
dynamite. Dynamite alone is too quick in its 
action and shatters the stumps. The slower ex- 





plosive lifts them out and pulls mt a great part of 
the lateral roots with them. The ground is then 
thoroughly denuded of all leaves and trash and 
well broken with a plow, so as to form a good bond 
with the new earth. The latter is thrown on in 
layers. In the latest practice. if wheeled scrapers be 
used, the layers may be 3 ft. thick: if wheelbarrows, 
then 1 ft. only, and the earth must be tamped 
with rammers or by riding horses or mules over it. 
The work must be built from the beginning out to 
the slope-stakes, to avoid the necessity of dressing 
it afterward with a light coating of earth, which is 
peone to slip or to wash oft with the first heavy 
rain. According to the minute specitications of the 
United States engineers, the earth first taken from 
the surface of the ground, which is more or less 
contaminated with fragments of roots, grass, etc., 
is removed from the base of the levee and deposited 
in a banquette adjacent, of which more hereafter. 


Levee Cross-Sections. 


The usual dimensions adopted are a crown of 8 
to 10 ft. and slopes of 3 to 1. In the case of sand or 
loam, especially if the bank bea large one, these 

, dimensions are increased. In the instance of the 
| Lake Bolivar Levee, in Mississippi, the crown was 
15 ft. and the slopes 5 to 1, and even these dimen- 
sions were subsequently exceeded. This levee was 
about 25 ft. high and the material was nearly pure 
tine white sand. Very frequently, in high levees, 
the increase of strength is in the form of a ban- 
quette or “bench,” as shown in the accompanying 
cut. placed on the land side. The dimensions of 
this appendage are somewhat different in the prac- 
tice of different engineers. In the Lower Yazoo 
District it has usually a crown of 20 ft. and a slope 
of 5to1. The crown itself drops 1 ft.in 20. Itis 
thus constructed because it is expected to use it as 
a roadway. The United States engineers in the 
Third District make the slope 4 to 1, the drop in 
the crown 2 ft. A better form, from an engineering 
point of view, is the one adopted in recent con- 
structions in Holland, namely, with a cross-section 
of a long segment of a circle or other curve. 





Blowing out Stumps for Levee Foundations. 


In the Dutch practice. and also generally on the 
Mississippi, the crown of the banquette is about 8 
ft. below the crown of the levee. This distance is 
prescribed by experience. A levee of the standard 
dimensions given above is weakest at its base; and 
the higher the levee the less the proportiorate 
strength at the base. Thus, a levee 1 ft. high has 
a base of 14 ft.; of 2 ft., a base of 20 ft., or 10 base 
to 1 altitude; of 4 ft.,a base of 32 ft., or 8 to 1; of 
8 ft., a base of 56 ft., or 7 to 1; of 12 ft., a base of 
6.7 to 1; of 20 ft., a base of 6.4 to 1. A banquette 
supplies in an econowical form, the strength which 
is missing at the place where it is most needed. In 
practice it is found that levees of standard dimen- 
sions 8 ft. high or less never break. 


Levee Foundations. 


There is another reason for building banquettes 
to high levees in certain situations, and that is the 
weakness of the underground. No matter how 
good the material of the dike nor how much care 
has been exercised in its construction, if the 
natural soil on which it is placed be weak, the 
structure will be endangered. In fact, the founda- 
tion now becomes the weak pointof the work. The 
levee itself, being composed of sound earth, well 
packed, is good and safe. The underground, how- 
ever, is light and porous, traversed by roots and 
tibres and permeated by holes, perhaps containing 
cavities. It is liable, therefore, to give way to the 
pressure of the external water; the more so if it be 
composed of tine and distinet particles, each of 
which becomes, as it were, enveloped by the water 
and is carried with it, the whole assuming a semi- 
fluid condition. How nearly both the levee and 
the external soil may approximate to this state is 
shown by the fact previously adverted to, that in 
such situations a slight rod like a cane tishing-rod 
may often be thrust 10 or 12 ft., with little effort, 
into the earth. 

The effect of the external pressure, transmitted 
through or by such a loose and weak stratum, may 
be to *‘ blow up” the ground on the land side of the 
levee, or, roughly speaking, knock the bottom from 
under it. 


This is not a speculative or chimerical danger. 
but a very real one. The five breaks which oc- 
eurred in the Lower Yazoo District of Mississippi. 
in 1890, are all supposed to have proceeded from 
this cause. The accident to the St. Louis settling 
basins, reported in Engineering News for Oct. 
31, 1895, p. 302, is an instance of this kind. A 
masonry wall 8 ft. thick and 15 ft. high rested on 
a concrete foundation 15 ft. wide, and was built on 
a soil of river silt composed of sand and mud. This 
wall separated two settling basins, one full, the 
other empty. Says Prof. Johnson: 


Evidently the seepage from the full basin found its 


‘ way beneath the puddle in the empty basin, and raised 


it, with its covering of concrete, over an area of about 
100 ft. sq., like a great blanket, until it burst through 
and washed out a hole beneath the stone wall. 


There would seem to be two ways of remedying 
such a weakness of tie foundation. One is to ex- 
tend the embankment down through the permeable 
stratum to a solid material. The other is to in- 
crease the base of the bank, and thus diminish the 
hydraulic head by friction. ‘The former expedient 
is usually impracticable in levee construction. 
The permeable stratum is generally very thick, 
and the expense of building a puddle wall or other 
water-tight diaphragm is prohibitory. If it were 


~ built without a good foundation it would be of lit- 


tle avail, and would be liable to settle, and do more 


«= harm than good. A slight move is generally made 
*_dn this direction by the construction of what is 


called a ** muck-ditch.” This is a trench excavated 
near the center line of the proposed levee, filled 
with selected stroug earth, well tamped. It is not 
puddled asa matter of choice, though frequently 
the soil water is present in such quantity as to 
necessitate such a process. 


Different degrees of consequence are attached to 
muck-ditches by different engineers. In the Upper 
Yazoo district, in important situations. they are 
sometimes of great dimensions—from 12 to 20 ft. 
wide and from 8 to 12 ft. deep. Generally levee 
engiveers, while they recognize that muck-ditches 
do a certain amount of good, as they have very 
limited means, prefer to spend their money above 
ground, They therefore give their ditches much 
smaller dimensions, using them, in fact. rather for 
exploration than for any other purpose. Very 
often a promising-looking soil conceals serious de- 
fects—stumps, logs, cavities left in the ground and 
covered up by subsequent deposits. If such are 
present iu formidable numbers their existence will 
usually be made known in the course of the exca- 
vation of the ditch. 

The second means of healing the defect of a 
weak undergound is by extending the base, as 
already mentioned. This is the method usually 
employed in Holiand. Muck-ditenes are net un- 
known in that country, but they are not much 
favored. They are sometimes employed in peaty 
ground, extending through the peat-stratum, which 
is usually only a few feet thick. 
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“What is really needed,” says General Com- 
stock, “ is thatthe surface of the ground-water as 
one follows it from the river side of the levee, at 
the high water level, through the levee and the 
subjacent ground, to the ground-water surface at 
some distance from the levee on the land side, 
shall every where be below the surface of the levee 
and of the adjacent ground.” The same view is 
maintained by foreign engineers. With the object 
of ascertaining the true hydraulic gradient of the 
ground-water, in 1892, a number of well-tubes, 
with points or strainers, were driven into the 
ground, behind the levee, and at different dis- 
tances from it. The results, as reported, were very 
unsatisfactory. In ove instance the water rose 
higher 150 ft. from the levee than at 50. In all it 
rose above the surface of the ground as far back as 


150 or 200 ft., and would probably have done the | 


same at still greater distances. A driven well has 
been observed, spouting water like a flowing arte- 
sian well, 2 ft. or more above the ground, at a dis- 
tance of 250 or 300 ft. It is therefore impractica- 
ble te build levees with such across-section. More- 


over there is thus allowed a margin which 
unnecessarily great for the purpose of safety. 

The extension of the base in Holland is usually 
effected by the means of banquettes, either on the 
land or the water side or on both. If there be only 
one, it is on the land side, if practicable. Some of 
the Dutch dikes are built on very bad soil. The 
dike on the northern side of the Lek (the northerly 
arm ot the Rhine) which protects South Holland 
and Utrecht, the country of the deep polders, is 
built on a very leaky and treacherous foundation. 
It is also considerably above the average height. 
Consequently the levees are reinforced by strong 
banquettes throughout the whole line. The worst 
of all locations, however, is that of the New Soutb 
Linge-Dike. The crown of this great work 1s some 
18 or 20 ft. above the level of the surrounding 
country. Itis built on very loose and porous soil, 
and it is known to have broken once. It is, therefore, 
strengthened in an extraordinary manner by ban- 
quettes, both internal and external, sometimes 75 
or 100 ft. each in width. 

A similar practice has been in vogue for many 
years along the Mississippi. Formerly banquettes 
were used only in exceptional situations, as at the 
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crossings of deep sloughs or bayous, but they are 
now becoming general on all levees as much as 12 
ft. high, or on sand or loam levees of much smaller 
size. The long slope given to the banquettes has 
been, of course. for the purpose of covering as much 
ground as possible. 

The slopes of 3 to 1 now generally adopted are 
the outcome of a long expenence. In the early 
stages of levee building, much less dimensions were 
often used, bnt disaster was frequently the result. 
A steep back-slope very often leads to extensive 
sloughing or slipping, especially if the material be 
at all weak. A steep front slope exposes the em- 
bankment to serious abrasion by waves. A slope 
of 2 to 1 is less than the angle of repose of wet 
earth of almost any kind. In very small levees, 
where the width of the crown cuts an important 
figure, slopes may often be reduced. Thus, a levee 
3 ft. high, with a crown of 8 ft. and slopes of 2 to 
1, has a stronger section than a levee 12 ft. high, 
with slopes of 3 to 1. 

Where the exposure to winds is very great, the 
front slope is often made as flat as 5 to 1, the back 
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LEVEE CONSTRUCTION WITH WHEEL-SCRAPERS. 


slope being then reduced to 2 or 2.5 to 1. It is 
found that a flat slope is a great protection against 
the wash of waves, and that a well sodded “‘ buck- 
shot” levee, with a slope of 5 to 1, will stand a 
pretty stiff wind. If the sod be once cut through, 
however, and a hole madein the clay, the latter is 
liable to be undermined, and the superincumbent 
masses of earth fall in huge blocks. 

Very often the engineer has to cross, with his 
levees, the beds of actual or former water-courses. 
He will avoid such a location if he can; if not, te 
will make his crossing as short as possible, and 
will select his place wiih great care; for he knows 
that his levee will be likely to sink more or less 
during construction or afterward. Sometimes the 
bed of an old lake or bayou has been almost oblit- 
erated by recent deposits. and has been converted 
into arable land, so that the existence of tile old 
formation is unknown or fergetten. The embank- 
ment will sink all the same. dm one case, within 
the experience of the writer, a levee built across 
such an obliterated and forgotten lake-bed sank, 
daring construction, 2 ft.for a distance of 3,000 
ft., and continued to settle slowly for a long time. 
In another the sinking was more than 4 ft. during 
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construction, in another 6ft., and the set; 
continued, at a decreasing rate, to the pr: 
In a notorious instance, that of the Va: 
“Whisky Chute” levee, in Arkansas, \ 
fill was about 22 ft., the sinking was 

more, A great part of this occurred after ¢ 
got against the newly-constructed Jeve. 
took constant work, night and day, to kee) 
the subsidence. The levee was saved aft. veeks 
of heroic labor, Since that time the sett!., },,. 
been comparatively small. This was an 

case, the foundation having been the bot: 

lake within a few years, and the crust o: 
deposit very thin. Sometimes the bottom 

and the settling comparatively small. 

It has been proposed, in such cases, to put 
foundations, sand piles, mattresses and 
grillages. and indeed several of these ex) 
have been tried. The results of the 
ments, on the whole, have not been « 
tory. Piles are expensive and perisha! 
they rot,as they are likely to do in such 
tions, they may make the matter worse than 
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Sand-piles have been recommended but never tried. 
So have timber foundations. A mattress-founda- 
tion was tried »t the crossing of Lake Bolivar, in 
Mississippi, but it gave a great deal of trouble by 
leakage under the levee, and seriously imperil'ed 
for a while, the existence of the latter. On the 
whole, ithas been found best to rely on. earth 
alone, and to keep piling it on till it reaches equi- 
librinm. In Holland, where they have the same 
difficulties, they have reached very similar conc!- 
sions. 

Diaphragms of timber and walls or cores of «e- 
ment have been tried in levees to a limited extent, 
with the double purpose of preventing leakace 
through the bunk and under it, and also to at! rd 
an obstacle to the ravages of boring animals. I! 
haye never met with any extended use. For ‘he 
embankment pure earth is good enough. ifit be 
properly put up. As a means of preventing leakace 
under the levee they might be useful adjuncts were 
it not for their expense and perishability; )"t 
their effect would be limited, and after all it would 
still be necessary, in most situations, to have 4 
broad base. The necessity for the later compe!s 
the adoption of ample dimensions for the bank 't- 
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self, which is therefore made stronger than mere 
hydr -atie considerations might dictate. 

The Height of Levees. 

To «stablish proper grades for a new system of 
levees vould reqnire considerable skill and expe- 
rience. Where a line has been in existence for 
many years and has to be enlarged or a portion of 
it rebuilt, the task is much simpler. In all great 


floods ‘he high-water marks are taken with great 
care, 0 as many different points as possible. and 
the grades are usually fixed with reference to these 
elevations. The provisiozal grade now generally 
adopted is 3 ft. above the highest known flood. 
Now within the last 14 years there have been sev- 
eral great floods. The heights attained by them 
were in nowise proportioned to their respective 
magnitudes. The greatest of them was in 1882. 
In that year, however, from one-fifth to one-half of 
the discharge passed outside of the cham.el of the 
river, in the basins and lowlands, so that the 
heights reached along the lines of levee were not 
as great as were subsequently attained by other 
floods of less magnitude but more closely confined. 
In 1886, for instance, the river reached its greatest 
height at Helena; in 1890, from Helena to the 
mouth of White River; in 1893, from Arkansas City 
to Lake Providence ; in 1884 and 1890, at Vicks- 
burg. 

Theos diversities are principally due to the recla- 
wation of tracts by new levees, to breaks in the 
levees already built and to return-flows at the 
lower ends of the several basins from breaks along 
their fronts. The principal epochs in levee-build- 
ing are the closure of the upper end of the Yazoo 
Basin in 1884-5, the rebuilding of the Arkansas 
ievees in 1887, the approaching completion of the 
levees of the White River Basin during the coming 
year, and the partial and rapidly-progressing con- 
struction of the levees of St. Francis Basin. During 
every great flood, so far, there have been crevasses 
in one situation or another, so that the high-water 
line has never been regular, but has been vitiated 
by these perturbations, Attempts have been made 
to establish what has been called a *‘ potential high- 
water tine”—that is,a line which should represent 
the heights to be attained if the river had been 
entirely confined. Such attempts, however, have 
been only partial and have been based on rather 
uneertain data, and the methods pursued have not 
heen rigorously correct. 

Even in the case of a perfectly contined river the 
high-water line is very irregular. Along the line 
of the Lower Yazoo District the average slope is 
about 0.36 ft. to the mile. This slope, however, is 
very irregularly distributed. From Station 0 to 
480, it is 0.12 ft. to the mile; from 480 to 620 it 
is 0.53 ft.: from 620 to 870 it is 0.15; from 870 
to 1320 it is 0.53, ete. 

These remarkable variations are due mostly to 
changesinthe alinement of the levee, owing to the 
tortuous course of the river. Where the course of 
ativer or the trace of a levee makes an abrupt 
turn, so as to bring it sharply across the line of its 
former direction, the water is approximately 
“ponded” for a considerable distance—frequently 
for several miles. 

In many situations the river runs next the bank 
during low water, but in floods seeks a shorter 
route across the points of bars or through second- 
ary channelsin the middle of the stream or next 
the opposite shore. In such cases the late low- 
water channel becomes nearly a pond, and the slope 
next the bank may be very small. In a given in- 
stance the high-water mark, in such a location, 
varied but one-tenth of a foot in six miles. These 
level reaches are soon compensated by a very rapid 
fall-sometimes a foot to the mile or more. {n fact, 
the flood-line is a succession of tat and steep 
slopes. Below a strongly projecting salient there 
is frequently an abrupt drop in the high-water line 
of 2 ft. or more, 

Disasters have been known to result from inat- 
tention to these facts. In one instance a levee sev- 
eral miles in length was built with the average fall 
in grade of about 0.4 ft. to the mile, when it should 
have been built, in that situation, to level grade. 
Consequently the water ran over it at the lower 
end, while it was still 1.5 ft. below the crown at 
the upper end. 


Methods of Construction. 


\fter the completion of the work the levee is 
carefully sodded with tufts of Bermuda grass. 
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This is a jointed grass which puts out lateral run- 
ners. like a strawberry vine, and under favorable 
circumstances rapidly covers the ground. It grows 
best in loamy soil, or soil with a moderate propor- 
tion of sand—not well in pure sand or in pure clay. 
It needs moisture to start it properly, but after it 
is well matted it will stand drought, freezing or 
submersion for weeks. With a tlat slope, in mod- 
erately strong soil. it is a good defense against the 
wash of ordinary waves. With sandy material it 
attords protection against rain, but not against 
even moderate storms when there are no woods or 
other cover in front of it. 

As to methods of coustruction the preference is 
generally given to wheeled scrapers, especially if 
it is expected that water shall get against the new 
levee immediately. Generally, if it be possible, 
the levee is built a year or so earlier than it will 
probably be needed, in order to give it time to 
settle thoroughly and to be completely covered 
with sod. With certain kinds of soil there is an 
objection to scraper-built levees, namely, that they 
are very liable to be cut and washed into gullies 
by rain before the sod has had time to grow. 
These soils are loam and mixed sand. When put 
up with wheelbarrows, banks of such material are 
at first comparatively loose and porous, and absorb 
water like asponge. By the time they have set- 
tled fully, the sod has grown. When the earth, 
however, has been put up with scrapers, it is very 
hard, and sheds water like the roof of a house. 
The material being light and friable, the rain soon 
euts channels which it uses regularly, and the 
gullies which are the result of this action some. 
times cut almost through the crown of the levee. 
A slope thus eroded has to be re-dressed before it is 
sodded, and the new dressing is liable to be washed 
away also. In spite of this objection, scraper. built 
levees are generally preferred, and some engineers 
place such restrictions on wheelbarrow-work as 
almost to prohibit 1t. 

The shrinkage exacted is generally one-tifth for 
wheelbarrow-work untamped, or one-tenth if it be 
tamped, and one-tenth for scraper-work. 

All material is taken from the front or river side, 
if it he economically possible. The berm on the 
water side is usually 30 ft. The borrow pits must 
not be more than 3.5 ft. deep next the levee and 
4.5 or 5 ft. next the river. If it be necessary to get 
material from the land side the pits must be distant 
80 ft. or more from the inside slope-stakes. 


Letting Water Against New Levees. 


In the practice of the Louisiana eugineers, when 
the old levee is still standing, and when there is a 
probability of the water getting against the new 
embankment, the old levee is cut in several places 
and the water let against the new bank gradually. 
Otherwise. if a large section of the old levee should 
cave away suddenly, it is said there might be a 
violent rush of water against the new work, sub- 
jecting the latter to a sudden strain and to the 
attack of strong currents from the whirling action 
of the inpouring torrent, and giving no time for 
the repair of leaks or other defects which might be 
discovered. 

Elsewhere the engineers generally prefer to have 
two strings to their bow and hold the old levee as 
long as possible. In one instance at least, within 
the writer’s knowledge, a levee was lost from a 
rush of water against it, but the exact cause of the 
break was unknown. The two levees were pretty 
close together. The new work had been built with 
wheelbarrows, untamped, and was said to have 
been very loosely put up. Whether it was over- 
whelmed by the rush, eroded by the force of the 
current, or simply because it was too loose to hold 
water. is not known. The last supposition seems 
to be best supported. Generally, when the old and 
new levees are a safe distance apart, say 1,000 ft., 
and when the new work has been buiit according 
to the specifications now in use, there seems to be 
little risk in holding the old levee till it breaks of 
itself., As an exception, if there be a long line of 
large levee close to a badly caving bank, so that it 
is possible for several hundred feet to go into the 
river at once, it might be more prudent to cnt it. 

Seep-Water and Its Dangers. 

The measure of protection afforded by a levee to 
the lands behind it, though the embankment be 
sound and tight, is not complete; for the under- 
ground is still loose and porous. and transmits a 
certain quantity of water, which may be exceed- 
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ingly inconvenient, damaging and even dangerous, 
When the flow under the levee is diffused among a 
number of capillary tubes, it may be harmful to 
the adjacent lands, but it will not seriously threaten 
the existence of the levee, if the latter have suflicient 
hase to keep it from “ blowing up.” There are fre- 
quently cavities under a levee. however, of for- 
midable proportions. Loamy soils are very apt to 
have considerable cistern-like voids, caused by 
the settling of the light material under the intluence 
of water infiltrating it, or by its subtraction 
through pores and holes and the falling-in of the 
walls of the cavities thus induced. It isa well- 
known peculiarity of this earth, as of the loess 
from which it is derived or to which it is related, 
that it stands at very steep angles, indeed, verti- 
cal or even undercut, without falling in. Con- 
sequently cavities, when they form, are not filled 
by the caving-in of the superincumbent earth, as 
happens with sand, but remain and even enlarge. 

It was not formerly the custom to grub out or 
blow out stumps. They were merely required to be 
cut down as nearly as possible to the level of the 
ground, and this requirement was not always 
strictly enforced. Even under the present specifi- 
cations, it is not possible to get out the lateral 
roots, except such portioas of taem as may come 
out with the stump when it is blown out. Conse- 
quently, even in the new levees, and still more in 
the old, there were left in the ground considerable 
quantities of woody and barky matter, which 
eventually decay and form lerge conduits for 
water under the base of the embankment. 

As a result of these and perhaps of other causes, 
it is very common to tind holes near the inner slope 
of the levee, which at flood-time spout considera- 
ble volumes of water. These are regarded as dan- 
gerous or not, according to their size, their violence, 
the nature of the soil through which they pass, 
their condition, whether stationary or increasing 
in flow, the character of the water which they dis- 
charge, etc. If the hole be small, in stroug clay 
(buckshot) soil, if the flow be not violent, not 
increasing, the water clear, it is not regarded as 
formidable. If it be in sandy vr loamy soil and 
discharging river water, or. still worse, muddy 
water, it must be looked after at once. In the 
former case it is evident that the water flows 
through a number of pores so small as to filter it 
from even the quantity of sediment that it carried 
while in the river. In the latter, it is coming 
through holes of larger size, has probably a 
straighter and shorter course to traverse, and is 
continually enlarging its channel. 

Very often there occur violent outbreaks of 
water through the natural surface inside the levee, 
carrying with them large quantities of sand, which 
is distributed around the circumference of the 
hole exactly as ashes and cinders are deposited 
around the margin of a volcanic crater. If these 
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Section of ‘‘Sand Boil."’ 


eruptions continued long at the same rate, they 
would be extremely daagerous; for they would 
soon form extensive cavities under the levees, 
They generally ‘“‘choke up.” in common parlance, 
however, and cease to discharge solid matter. 
Water continues to bubble through them in a 
fitful and intermittent manner. and to the supertfi- 
cial observer it seems as though they were dis- 
charging sand, but they are not. They are merely 
tossivg up the coarser particles retained inside the 
crater, wh'ch immediately fall back again; and the 
water flows oft clear. These eruptions are locally 
called “‘ sand-boils.” 

It is the opinion of many intelligent observers 
that the water which flows from these holes must 
have been derived from av infinity of small chan- 
nels ; otherwise its velocity would become destruc- 
tive, and the cavity would keep on enlarging till a 
break occurred. On the other hand, the manner of 
occurrence seems to indicate that at the beginning 
of the outbreak there was a strong head concen- 
trated in a single conduit, which was afterwards 
closed by the falting in of its walls, the place 
lately occupied by water being now filled, to the 
depth perhaps of many feet, with sand. These 
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holes are always nearly vertical, so far as they have 
been explored. It is not generally known from 
what depth they proceed. 

Holes are sometimes found in the levees them- 
selves, from unknown defects of construction or 
from the scouring eftects of long-continued perco- 
lation through loose material, They are very dan- 
gerous, and should always be checked as soon 8 
diseovered. 


It has often been supposed that boring aniwals 
are largely responsible for the existence of the 
holes found in and under levees, and indeed these 
go popularly under the name of * craytish-holes.” 
It is true that craytish are generally found in them. 
So general is the belief that they are the makers of 
the holes and consequently the autbors of the wis- 
chief that arises from the latter, that the Irish 
laborers who work on the levees cannot be per- 
suaded to kill a crayfish. ‘ He’s the poor man’s 
friend,” they say; thatis, by causing breaks in the 
embankments he gives work to the laborer in re- 
pairing and rebuilding them. Doubtless there are 
some parts of the Mississippi Valley in which boring 
animals are formidable enemies to the levees. In 
the strong clay soil of Lower Louisiana it is said 
that muskrats, beavers, fiddler-crabs and crayfish 
have caused serious breaks. One bird even, the 
kingfisher, has been detected in boring hoies hori- 
zontally into a levee. One of the holes was 8 ft. 
deep. 


From whatever canse, the water which perco- 
lates through the soil, the “seep-water,” as it 1s 
called, is a serious injury to the planter. Overflow- 
water brings with it some of the elements of fer- 
tilization. Seep-water has beew deprived of all 
these by tiltration, and has, perhaps, taken up 
others, by solution, which are positively detri- 
mental. M. Barois tells us that in Eg pt they never 
nse ditch-water for irrigation, but only such as is 
derived directly from the river; because the 
former, in its passage through the pores of the 
earth, has absorbed alkaline and other matters 
which render it injurious to the crops. It is cer- 
tain that in the Mississippi Valley seep-water is 
regarded as far more hurtful than rain-water. It 
is very hard to get rid of it by ditching. If the 
flood comes early in the season, it may go out of 
the ground in time to make a crop. If the flood 
come late, the seep-water will kill whatever it 
touches except grase, and then it will be too late 
to replant. 

The influence of seep-water, however, does not 
extend very far from the river; and as it does not 
injure Bermuda grass, the riparian lands may be 
used as pasture or meadows. 


Care of the Levees in the Flood Season. 


The greatest care of the levee engineer is the 
maintenance of his dikes during high water: if, 
indeed, he be so unlucky as to have them in charge. 
In Lonisiana, high-water work is entrusted to the 
police juries of the several parishes, under the 
superintendence of the State Engineers; but in 
Mississippi the latter have the whole control and 
responsibility ; they organize and pay the forces, 
and everything is done under their immediate 
orders. 

The floods of the Mississippi prvuceed either from 
the Ohio and its tributaries or from the Upper Mis- 
sissippi and Missouri jointly ; or from all together. 
They may culminate, at Cairo, at any time from 
February to June; indecd, there was once (in 
1875) aconsiderable tlood in August. They may 
be powerfully aided by freshets from the St. 
Francis, White, Arkansas, Yazoo and Red. 

The rises of the Ohio generally reach their high- 
est stage at Cairo in February or March; from the 
upper Mississippi and Missouri, iu May or June. 
The great rises of 1882, 1883 and 1884 proceeded 
mainly from the Ohio, and culminated at Cairo 
during the last days of February. In the first, 69% 
of the discharge which passed Cairo at the top of 
the rise came from the Ohio; in the second, about 
70% ; in the third, about 85%. 

On the other hand, the discharge which passed 
St. Louis in May, 1892, was 74% of that passing 
Cairo. In 1858 there was about the same propor- 
tion. 

Frequently there are dangerous floods arising 
from the coincidence of late rises from the Ohio 
and early freshets fromthe upper Mississippi and 
Missouri. These usually reach their greatest height 
at Cairo in April or May, 
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The March rises are very formidable, not only on 
account of the great volume of water which they 
frequently bring down, but from the high winds 
which aré so apt to prevail at that season. The 
cyclonic storms which bring the principal part of 
the heavy rainfall during flood years are usually 
attended or succeeded by strong gales. Before and 
during the passage of the center of the storm the 
winds are from the south or southwest; after the 
passage of the center and during the “clearing up,” 
from the northwest or north. The latter are usually 
very cold, strong and persistent, and are often 
accompanied fora time with sleet, rain or snow. 
The levees on the Mississippi side, from their 
westerly exposnre, are peculiarly vulnerable to the 
attacks of these winds. Easterly winds are seldom 
formidable from their strength. 

‘The winds which oceur in April are mostly south- 
westers, but blow with considerab'e violence for 
days together. Those of May and June are more 
titful, their paroxysms seldom lastivg more than 
balf an hour or so. None of these have the 
strength and persistency of the March winds, and 
they are mild in temperature. 

The difticulty of defending av exposed levee 
against a heavy storm is sometimes very great, 
even where the material is strong clay. Where the 
bank is composed of sand or loam the task is still 
harder. There are long bends of the river where 
the wind has a sweep up or down stream of several 
miles, and pretty heavy seas rise, which break 
against the front slope of the tevee like surf on a 
sea beach. or dash clean over it, throwing logs or 
other debris to the ground below. The waves are 
much higher when the wind is blowing up stream, 
or else where there is no current at all, as in the 
“old river lakes” left by cut-offs. 


Methods of Storm Protection. 


In such eases untiring and systematic work is 
necessary to save the levee from being cut in two 
or from being washed away. The remedies em- 
ployed are temporary revetments of plank, rails, 
timbers, cotton stalks, the refuse of sugar-cane or 
sacks filled with earth. Bagging, such as is used 
for covering cotton bales, is sometimes recom- 
mended, but is not effective in time of real danger. 

Revetments are generally applied after the waves 
have already made a cut in the front slope, and 
there is a nearly vertical wall of caving earth. In 
very exposed situations, permanent revetments 
of plank are frequently constructed. For tbis pur- 
pose, 6-in. posts are firmly set in the grounl 
about 4 ft., about 6 ft. apart, a little in front of the 


Protecting Crown of Levee against Waves with 
Light Sacks. 


vertical wall of earth, which is dressed oft as far as 
may be necessary. The posts are anchored at the 
bottom by cleats nailed crosswise. Behind the 
posts (that is. next to the earth). horizontal courses 
of sound heart-plauk are nailed, lap-streak or 
clinker-wise. The bottom plank is set into 
the ground about 10 ins. Joints are carefully 
broken. After the revetment is finished, strong 
earth is filled in behind it and lightly tamped. If 
it be tamped too heavily, it will spring the plank. 
Such a revetment costs about $3,500 a mile, and 
will last without repairs about six years. Some- 
times lighter posts are used, only 4 ft. apart, and 
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should be braced back to heelposts in the 1 
the levee, as in the tigure. 

Temporary plank revetments, for high 
purposes, are built on the same princip| 
more hastily and cheaply. They are liable 
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undermined by the waves, especially in dy 


Plank Revetment. 


soils, in which event the lost earth must |. re. 
placed by sacks filled with clay or the stro 
soil available. Sometimes plank are driven 
pendicularly into the levee, like palisades 
nailed to stringers fastened to the posts. 

All sorts of rails. brust, stalks or refuse in. , jv 
used in emergencies by placing them horizon: .|\y 
behind vertical stakes. The difficulty about sch 
materials is that they are not to be had in <uf- 
ficient quantity, except by a great deal of hauiing. 
at a time when hauling is very heavy and }) ¢x- 
penditure of much valuable time. Usually the 
grand resource of levee engineers for * high-water 
hghting” is sacks, 

These can usually be had in any quantity }\ or- 
dering in time. They must be sound and new, 
For levee purposes they are used mostly of two 
kinds, centals and Dundees. The former genera|iy 
cost 4 or 5 cts. apiece, the latter about 8 or 10 cts. 
For general purposes the smaller size is prefered, 
as the sacks are much lighter and easier to handle. 
For very bad cases the larger sacks are employs ed 
as, when once placed, they are very stable. 

The expert high-water foreman whois confronted 
with the task of holding a levee in the face of a 
severe storm will generally divide his men into 
squads of three—one to hold the sack while the 
others fillit. As soon as the sack is filled-it is care- 
fully sewed up and placed in position in front of 
the caving wall. The sacks are laid by expert men, 
in regular courses with much care. The men have 
to stand up to their waists in water, which, in Feb- 
ruary or March, is very severe work, so they must 
be frequently relieved. In bad situations the sacks 
are all placed us headers, the butts outward. or 
toward the river, the courses breaking joints anid 
with a decided batter. Where the exposure is less 
the soil stronger or the season more favorable, tle 
sacks are often Jaid as stretchers, or the bottom 
course are headers and the top courses stretchers. 
In very light cases the sacks are sometimes placed 
on end in a single row. 

The earth for filling is taken from the levee 
itself by paring away and dressing the broken and 
caving front slope, thus making use of the material 
which would otherwise be washed away. Earth 
should never be taken from the back slope, if it can 
be avoided, hecause the sod of the latter is essential 
to protect the slope against possible overfal) if the 
water should run over the levee. 

With plenty of sacks, and a well-organized and 
well-equipped force, a competent high-water fore- 
man will hold a sound levee of standard dimensious 
against anything short of a hurricane. Of course 
the improvised revetment will be damaged from 
time to time by the inroads of the waves. If the 
earth with which the sacks are filled be sand it 
will be washed out of them after a while, and others 
must be put in to supply their place. Frequently 
the force of the waves or of the undertow will 
bodily lift sacks and carry them away, especially 
if the courses have not been well laid. Such losses 
must (be immediately replaced. The necessity of 
great care in construction is apparent. 

This sort of work is expensive, costing. in the 
worst cases, $2,000 or so a mile fur construction 
and maintenance throughout a high-water cam- 
paign. It may be thought that it would be more 
economical, in the longrun, to build more perma- 
pent defenses, such as the plank revetments just 
mentioned. There are several reasons why it 
would rot. 

First, it often happens that several seasons occ)! 
without any tlood of sufficient consequence to ¢!'- 
danger the levees. From the flood of 1844 to thot 
of 1849 there were four intervening years of low 
water. From 1851 to 1858 no serious floods are 
recorded. From 1867 to 1874 there were six years 
of low water. From 1876 to 1882 there were five low 
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or mediam vears. A revetment that lasts 
oply «ix years mighttherefore be available for only 
a sinule flood. 

s- ond, even in flood-years, the expense of bigh- 
water protection is very seldom as great as has 
bees mentioned. Generally, even in exposed 
places, it is mot more than one-half of this. The 
exposed places constitute perhaps one-fifth of the 

ole line. 

P ; rd. the danger-point is often shifted, so that 
iy to or three years the levee that was lately in 
jeopardy has beeome comparatively safe. This 
gen rally arises either from the ordinary progres- 
sion of bars down-stream, covered with a growth 
of \illow and cottonwood, which protects the 
lately exposed places; or else from the spontaneous 
springing up of sucha growth on the foreshores, en- 
riched as they are with silt, and full of the germs 
of vegetation. 

Fourth, the levees are in a state of very rapid 
transition, progressing from a very immature 
stage toward perfection, Consequently they are 
overuauled every two or three years, rebuilt or en- 
larged. This sometimes involves the removal and 
replacing of the revetment, which is almost as ex- 
pensive as the original construction. Levees are 
caved into the river and others built at a safe dis- 
tance behind them, It is not worth while to con- 
struct permanent expensive works under such 
conditions, 

There are many other uses to which sacks can be 
put in high-water work. They are often unneces- 
sarily and wastefully employed. There are some 
cases in which they are actively detrimental and 
dangerous. Hence great discretion is necessary in 
bandlingthem, About 400,000 of them were used 
by the Lower Yazoo District in the flood of 1890, 

There are other devices which have occasionally 
been used to protect levees against storms. Break- 
waters of timber, outside of and disconnected from 
the levee, bave been tried, but they will not stand 
the rackingthey are subjected to. Floating booms or 
rafts are tolerably eftective if there are suitable 
opportunities for anchoring them. A thick belt of 
small timber is an excellent breakwater. A thin 
belt of woods is of little use, and the presence of 
an ordinary grove of large trees is no protection at 
all. Ina givenivstance, where the emergency was 
great. the trees were felled so that their trunks lay 
parallel to the levee and were anchered to the 
stumps. The boom thus formed greatly reduced 
the height and force of the waves, and the breakers 
were transformed into rollers. It has been pro- 
posed to anchor bags of waste soaked in oil out- 
side the levee. This plan is wortby of a trial. 


Leakage of Levees. 


While the danger from storms is the most serious 
one that the levees are exposed to, it is by no 
means the only one. The leak-holes, or “ crayfish- 
holes,” previously described, augment visibly in 
violence withevery half-foot of rise, and in time of 
creat floods they often assume very formidable 
proportions, spouting water in considerable vol- 
umes and to a height of half a foot or more. As 
long as they spout clear water and are not very 
large they are merely watched. If they become 
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dangerous, in the opinion of the inspector, they are 
usually * hooped,” as the expression is; that is, a 
small semicirenlar levee is built around them and 
the water allowed to find its level in the little 
basin thusformed. The “hoop” is asually built to 
a height about 2 fi. less than that of the river- 
water, and if the water in it rises high enough to 
threaten to overflow the margin of the hoop the over- 
tlow 1s conducted off by a trough. If does not usually 
tise so high, the head being diminished by leakage 
and seepage, If the water-level in the hoop were 
brought up to the same height as that of the river 
the pressure would simply be transferred from the 
main levee to the hoop, which is not desired. What 
is sought is merely to relieve the levee from a part 
of the strain and to deaden the current of the 
Water passing through the leak, so that it shall 
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not have power to cause further erosion and 
enlarge the hole or to * burst up” the surrounding 
ground. If the entire pressure were transferred to 
the hoop it would tend to produce this very evil. 

If the origin of the hole on the outside can be 
detected it is generally stopped without much 
trouble. 

The “ sand-boils” previously alluded to are very 
common and very alarming incidents of every bigh 
water, and are especially prevalent since the great 
accessions which have been made in recent years 
to the height of the levees. At their first occur- 
rence a stream of water suddenly bursts through 
the ground, throwing out large volumes of sand 
several cubic feet or perhaps even yards, which it 
distributes around the circumference of the hole as 
already described. Sometimes large numbers of 
these outbursts occur in the same locality; indeed, 
there are some situations which are peculiarly 
liable to them. Twenty or 30 will be found in a 
length of 200 or 300 ft. They do not usually occur 
very near the base of the levee, but 40 or 50 or 
100 or 200 ft. away; indeed, thev are occasionally 
found 1,000 ft. distant from the levee. In a given 
instance a large number of them vccurred in a 
borrow-pit which had been dug (from necessity) on 
the land side of a levee, and threw out so much 
sand that they tilled the pitin Places to a depth of 
nearly 2 ft. This was in a loam or loess soil. 

The material thrown out by these eruptions 
leaves cavities somewhere under or near the levee. 
In a few instances a sinking of the ground has oc- 
curred in close vicinity of the * boils.” showing, 
plainly enough, that a void had been created near 
the surface, which had been filled by the falling-in 
of the t-p crust. In most cases there is no clew tothe 
locality of the cavity. It may be deep or shallow, 
outside. under or inside the levee. 

When the boil is near the levee and of consider- 
able dimensions 1t is unquestionably a symptom of 
danger. Perhaps a little more, and it would have 
been acrevasse. Where it is remote the chances 
are that the cavity is remote also. 

These ugly phenomena are seldom seen at the 
time of outbreak. When they are discovered it is 
usually too late todo anythingin the way of preven- 
tion orabortion. By that time the water is quietly 
bubbling through the sand, and discharging over 
the rim of the crater in a thin, clear stream. When 
the manifestation is formidable, as in the instance 
lately cited, the remedy that suggests itself and 
that is generally applied is to weight down the 
weak place with an additional load of earth, which 
is nsually laid upon a thick layer of brush, to 
allow of partial drainage of the leax-water and to 
prevent the contamination of the new and dry 
earth by the mud ofthe eld. In one case, when 
the boil was seen atthe moment of outbreak, the 
same remedy was applied. A layer of brush was 
immediately placed upon the bubbling and seeth- 
ing mass, and sacks quickly filled and thrown 
upon it until a force could be brought to work 
upon it systematically. In another case, where 
the berm of the levee showed a disposition to 
“ bulge up.” doubtless an outbreak was prevented 
by loading the berm with a thick layer of earth. 

Usually the boils are too far from the levee to be 
hooped. Indeed, these troublesome sores have to 
be handled with a great deal of judgment. If they 
are too promptly and thoroughly suppressed, there 
is great danger of their breaking out elsewhere, 
perhaps nearer the levee, and with an additional 
eruption of material. 

Singular as it may seem, it isnot known that sand- 
boils have ever been the cause of a break—perhaps 
becaus?} when they were discovered the imminence 
of the danger was past. They are indeed but 
rudimeutary or abortive crevasses, and if they do 
not cause disaster at the start, they are not 
specially likely to doso thereafter. In fact, they 
may be considered as partial safety valves. 

After the decline of the flood, places which gave 
such evidences of weakness are strengthened by 
banquettes, etc. Often they are explored by dig- 
ging, but generally without detecting the cavity. 
When old borrow-pits are suspected of having any 
connection with the outbreak, from undue depth 
or proximity, they are tilled up. 

Very dangerous and insidious are leaks in the 
levees themselves through the body of the em- 
bankment. The causes of their occurrence are 
generally {nysterious. Sometimes (though,’ very 
rarely) it is from faulty or fraudulent construction 
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—the putting of an empty barrel or box into a 
bank, or the building of a crib or pen of logs, and 
covering it with earth. Such talés are told of the 
past, bat under the rigid supervision of the present 
day there is no place for them. Sometimes it is 
from unequal settling of the earth, imperfect com- 
pacting of layers, bad joints at the meeting of two 
different pieces of work, or what not. If, by any 
means, a cavity be formed in the interior of a 
levee, with communication with the inside or the 
outside “r both, it is likely to enlarge by the fall- 
ing-in of the walls; and eventually it may become 
so great that the levee is a mere shell. 

Fortunately it is generally discovered before it 
has reached this point. The first manifestation of 
itis probably a little trickling leak on the inner 
slope of the levee, near the base. with a sluggish 
tlow of slightly discolored water. It is the latter 
circumstance that attracts the attention of the 
engineer or inspector. A “muddy seep” is always 
suspicious, no matter how insignificant the flow or 
how small the turpidity. Search is made on the 
outside for the source of the leak. Frequently it 
can be found. The vigilant inspector reports that 
“it only began yesterday evening;” therefore the 
water of the river has just risen above the exter- 
nal orifice. If se. so much the better, for it can be 
the more easily stopped. If not, it had better be 
booped at once. In the high-water season of 1893, 
in the Lower Yazoo Levee District, nv less than 
nine such leaks were discovered through the levee. 
In one case a very small and insigniticant-looking 
hole was hooped. During the first day thereafter 
the water rose in the hoop only a foot or two. 
Next morning the inspector reported that *‘ some- 
thing must have given way in the night,” for the 
hoop was filled to overflowing with muddy water. 
After the river had fallen the levee was cut open 
and a large cavity found. 

Sloughing of Levees. 


There is no incident of high-water work that is 
more alarming to the novice than the sloughing or 
slipping of the inside slope of a levee, with the 
water standing high against the outside. This is 
an accident that frequently happens to green levees, 
especially if built with wheelbarrows and without 
tamping. Itis also very likely to occur where old 
levees (especially leaky ones) are enlarged on the 
land side. The water leaking throngh the old bank 
infiltrates the new earth, and it sloughs away 
bodily, forming a pasty quagmire half-way or more 
down the slove. Indeed, it sometimes happens 
with old levees, especially if the back slope be too 
steep. 

While this would be a formidable evil if un- 
checked, it is one that is usually not difficult to 
remedy if men, tools and materials are at hand. It 
does not take much to arrest the motion of the 
sliding earth and hold it in place; and wet earth 
will do almost as well as dry if you can make it 
preserve its shape, and keep it from running away. 
A few stout stakes, braced back, if necessary, to a 
second or even a tuird line, will generally hold the 
sloughed mass in position. For this purpose brush, 
poles, rails, or anything. must be laid horizoutally 
in front of the stakes to catch the «arth and stop 
its movement. In order to fill the void left at the 
tup of th ; levee by the slipping of the back slope, a 
good thick dressing of brush is laid on the sloughed 
material, and then fresh earth thrown carefully 
thereon till the section is restored to something 
jike its former shape. Care must be taken that the 
load of new earth shall not be so heavy as to cause 
anew slough, When the slipis of a new enlarge- 
ment on the land side of a leaky levee. it is often 
necessary to put in a brush-drain to carry off the 
leak-water. 

This is one of the cases in which sack,4, injudi- 
ciously used, may be positively detrimental and 
even dangerous. The natural impulse of an inex- 
perienced man is to throw upon the slonghed sur- 
face all the material that he can to supply the loss. 
and usually this is in the form of heavily-loadéed 
sacks. Such a process always resuitsin making the 
slough still worse, and has sometimes ended in 
actual disaster. 

In Louisiana it has long been the practice to stop 
sloughing by throw ing earth into the water on the 
ftont slope of the levee. This process is tedious 
and wasteful. It costs several times as much as 
the Missigsippi plan, and is no more effective. The 
latter has never been known to fail. 


(Concluded on page 77.) 
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The Jersey City water tangle has had another 
knot tied in it within the past few days. Follow- 
ing close upon the announcement that the East 
Jersey Water Co. could furnish only a small part of 
the temporary water supply which had been 
counted on, comes the decision of the State Supreme 
Court of New Jersey to the effect that the contract 
awarded a few months ago for a permanent supply 
isinvalid. The decision mainly centers round the 
brilliant arguments of some of the Jersey City 
otticials to the effect that the Jersey City Water 
Co., to whom the award was made, was the lowest 
bidder because it offered larger storage capacity 
than its competitors. The ceurt, however, does not 
base its decision on the engineering fact that 
reservoir capacity alone, without regard to rain- 
fali, drainage area and run-off, is no basis for com- 
paring bids, but on the simple principle that compe- 
titive bids are farcical unless made in compliance 
with definite specifications. The city. it is said, 
will take the case to the Court of Errors and 
Appeals. Even if it should not do so, it seems that 
the Jersey City Water Co. may, and, moreover, 
that it has three years’ time in which to do so. 

With the contract for a permanent supply de- 
clared invalid and the temporary supply just in- 
troduced by the East Jersey Water Co. a partial 
failure because of the deficient carrying capacity 
of the Newark pipe line, the people of Jersey City 
are thrown back to their position of years ago— 
that is, they are still denendent on the sewage- 
polluted Passaic for their water supply. The con- 
dition of the city is even more deplorable than 
before, for the river grows worse as time goes on. 
The local authorities have failed repeatedly in their 
attempts to get pure water, and property-owners 
and leaseholders are despairing of relief and look- 
ing elsewhere for investments and homes. 

The present state of aftairs is due very largely to 
the attempts, which have thus far been successful, 
of a powerful water syndicate to thwart all plans 
for a new water supply not in conformity with its 
schemes of absolute monopoly of the highland 
waters of northeastern New Jersey. The authori- 
ties of Jersey City, whether ignorantly or wilfully, 
have repeatedly lent themselves to these schemes, 
and with such results that either they dared not 
award contracts, or awards made have been upset 
because of their non-compliance with the simplest 
principles of law, business and common sense. 
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Competent engineers, and able and disinterested 
lawyers as advisers, have been shunned fiom first 
to last, lest these should set forth the proper 
course to pursae and upset years of scheming and 
promoting. 

The people of Jersey City pay the penalty. The 
citizens of almost any other community. at least 
outside corporation-ridden New Jersey. would rise 
up as one man and demand pure water and intel- 
ligent business methods, instead of corrupt political 
measures to obtain it. 

Unfortunately Jersey City does not stand alone 
asa sufferer and posible victim of the water mo- 
nopoly of the State. Other communities are either 
already on the rack, or will be at no distant day, if 
there is not a general arising to assert the State’s 
sovereignty over public streams and lakes of New 
Jersey. Year after year the water syndicates and 
their strong political allies have baffled ali at- 
tempts to put the waters of New Jersey under 
State control, even in the matter of the prevention 
of their contamination. A bill has already been 
introduced in the present session of the Legislature 
which is designed to effect this end. The people of 
Jersey City would do well to examine it with. a 
view of determining whether its passage would af- 
ford them relief. It so, they should rally to its 
support, and if not should try some other means of 
effecting that end. But legislation will not bring 
pure water. Doubtless the latter might have been 
had long ago if Jersey City had gone about secur- 
ing it as almost any other city in the United States 
would have done, instead of avoiding competent 
engineers and placing itself wholly at the mercy of 
the water syndicate. 


SSS 


Of the various societies of railway mechanical 
men which have been organized within the last 
few years, none has seemed to us to promise more 
benefit to the railways than the little club of rail- 
way signaling engineers organized in Chicago less 
than a year ago under the name of the Railway 
Signaling Club. Starting with a membership of 
six in March, 1895, this ciub has grown to a mem- 
bership of about 30, nearly all men connected with 
railways entering Chicago, and all of them practi- 
cal signal engineers. Financially the club is sol- 
vent, but the small membership and low dues of $2 
per year have limited its expenditures to the bare 
necessities of existence. The work the club has 
done hae been of high character, considering its 
limited means and small membership, but had it 
not been for a few of the leading railway papers it 
would have been almost unknown outside of the 
little circle of members able to be present at each 
meeting. This condition of affairs has worked in 
the old manner well known to those who have 
watched the early struggles of other railway clubs, 
to make many of the members dissatisfied with the 
results they are getting from their membership, 
and finally the question of reorganization and re- 
modeling the club has become apparently a vital 
necessity to its further development and useful- 
ness. 

There should be no two opinions about the desir- 
ability of keeping this club alive and promoting its 
growth, “ to the end that signaling practice may be 
systematized aud improved,” as its constitution de- 
clares its efforts are to be directed. The rapidity 
with which signals are being introduced on our 
railways and the manner of their introduction 
have combined to bring about a troublesome lack 
of uniformity in construction and operation. Up 
to within a few years, the methods of installation 
and operation have been directed solely by the 
companies manufacturing signaling apparatus, and 
naturally these methods differed with each com- 
pany. Recently the railways bave been appoint- 
ing special engineers to take charge of signaling on 
their lines, and these men, being educated in differ- 
ent methods of practice and sometimes with very 
little education of any kind on the subject, have 
done but little to better the lack of uniformity 
characterizing the regime of the signaling com- 
panies. We are not of the opinion that the efforts 
of the railways or railway clnbs alone can be de- 
pended upon to bring about the general use or uni- 
formity of use of any device for safety, but the 
work of the two great railway motive power asso- 
ciations has shown that the work such organiza- 
tions are capable of in this direction is very great. 
Aclub of signaling engineers should be able to do 
as much and should be supported in its efforts, 
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The work of placing an organization lik: 
Railway Signaling Club on a basis to do univi 
scientific work is not simple. The danger on 
one hand of driving away the commerciw] or : 
element so desirable to the financial success 0} 
society, and on the other hand of letting this t 
element become too dominant in the affairs of —, 
society, always act to make the work of organ . ,. 
tion and management a delicate one. There 
three sources from which to draw the member. 
of this signaling club: First, the signaling e; 
neers employed by the railways: second, the \ 
ous engineers and officers of the signaling com 
ies, and third, the men of engineering training 
engaged in signaling work, but interested j), |; 
enough to pay their dues and aid the work of ;), 
club. Each class offmen has its value to the c} 
and it is a mistake to exclude either class fro), 
membership. It may be desirable to restrict t\,. 
privileges of one or two of the classes, but even 
the necessity of this is not so great as it ix 
some times thought. The great fear sees 
to be that the so-called “supply-man” wij)! 
use his privilege of debate to further his 
private interests and bring discredit on the clu). 
This was true tosome extent a decade ago, but it is 
not so true now. Themodern supply-man is alto- 
gether too shrewd a fellow to make himself an un- 
desirable attachment to a club or a nuisance to its 
members. This is not mere surmise. One of the 
most progressive of our railway clubs has for ove: 
a year allowed supplymen all the privileges ac- 
corded to any member, and we have yet to learn 
an instance in which this privilege has been 
abused. We have dwelt somewhat at length on 
this point, for. if our understanding is correct, the 
sentiment of some of the members of the Railway 
Signaling Club is a little extreine against supply- 
men having much participation in the affairs of the 
club, and we believe there is a danger in this atti 
tude without any correspondiug gain to the club. 
The crying need of nearly every railway club in 
its infancy has been adequate funds, and the sup- 
ply-men have always been prompt to aid in this re- 
spect without asking much return from the club 
asaClub. The present need of the Railway Sig- 
naling Club is to get upon such a basis financially 
that its papers and discussions can be printed and 
made available for permanent reference by the 
members. If widening the scope of membership 
will do this, it ought to be widened. 





A new development of the rapid transit facilities 
of electric railways is in the line of providing 
special private cars for the use of theater parties, 
picnic parties, etc., and cars for this class of service 
have already been introduced in Brooklyn, N. Y., 
as described in another column. For theater or 
skating parties, the car will leave a special point, 
where the party wiil assemble at a stated time, 
and until the time set for returning the car will 
wait at the sidetrack or car-shed nearest to the 
theater or park. The Brooklyn Heights R. R. has 
now about 150 miles of line, extending through 
the principal streets of the city and through several 
suburban districts, but arrangements for through 
service have been made with some of the other 
companies, so that’practically any part of the city 
can be reached, as well as Coney Island, Jamaica 
Bay and other pleasure resorts. In view of the 
growth of outlying suburban residence districts, 
which growth is largely due to the electric railway 
facilities, itis not improbable that the introduc- 
tion of parlor cars for pleasure service may lead to 
their introduction for a regular service to the city 
in the morning and to the suburbs iu the evening. 
The crowded condition of the ordivary cars at 
these times is specially inconvenient for the long- 
distance passengers, whose journeys way occupy 
from half an hour to an hour, and many of these 
passengers would be willing to pay a somewhat 
higher fare to ensure a seat in a comfortable and 
well-lighted car. The possibilities of such an ar- 
rangement have been taken under consideration 
by the officers of the railway company, but no 
steps in this direction will be taken just yet. The 
service will resemble somewhat that of parlor cars 
or steam railways. There is a porter in charge of 
each car, and refreshments may be provided by the 
party hiring the car, or the company will make 
arrangements to furnish refreshments, table equip- 
ment, waiters, etc. Mail and freight service have 
already been introduced extensively,on city and 
suburban electric railways, and with the introduc- 
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tion of parlor cars for special or regular service 
the operation of large systems of electric railways 
will approximate more nearly to that of steam 


- railways. 


A bill creating a National Commission on High- 
ways has been introduced into Congress provid- 
ing that one Senator, two Congressmen. the Chief 
Engineer of the Army, the Director of the Geo- 
logical Survey and the Chief of Road Inquiry, in 
the Department of Agriculture, shall constitute 
this commission during the life of the present Con- 
gress. The work cut out for this commission is to 
generally consider the promotion of good roads by 
Government action, the scientific locating and con- 
struction of roads on the Government domain, the 
testing of road materials and the pointing out of 
the location of such materials by the Geological 
Survey, the building of model roads and the favor- 
ing of instruction in road construction in all insti- 
tutions under Government control. The commis- 
sion would also confer with the Interstate Com- 
merce Commission and with railway officials, with 
the view of obtaining reduced rates on the trans- 
portation of road materials, and by conference 
with State Boards assist in awakening a general 
public interest in highway construction. The 
appropriation asked for is the very moderate one of 
$10,100.95, being the unexpended balance of the 
appropriations for road inquiry in the last two 
years. 

The general purpose of this bill is a good one; 
but there must be strong doubt as to the efficiency 
of a road commission appointed in the manuver pro- 
posed. The commission is not a permanent one, 
which can gain wisdom by experience, and the 
members of the proposed commission, without ex- 
ception, have on their bands an abundance of 
more pressing work, which will first demand their 
attention and best efforts, and the promotion of 
good roads will simply have what is lett. The sub- 
ject matter of investigation is now a most im- 
portant one, demanding special expert knowledge, 
experience and any amount of hard work. It is 
important enough to have a commission solely de- 
voted to this work, if the National Government is to 
take it up at all. 





But why should a national commission assume a 
work which can be better done by the separate 
States? A scheme of national education on the 
general importance of good roads and the compila- 
tion of national statistics on this head are well 
enough, and the present bureau of road inquiry is 
doing some good work in this direction without 
the detailed aid of Senators and Congressmen. 
But when roads are actually to be improved the 
money must come from separate communities and 
States, and local education, by the actual construc- 
tion of model roads and by other means, is the 
most effective method of securing good results. 
That this work can be done by State commissions, 
the excellent progress made by the Road Commis- 
sion of Massachusetts is a sufficient proof. The one 
thing needed in such a commission is just what 
this bill does not provide for, and that is the un- 
divided efforts of experienced and intelligent men, 
properly backed by legislative action by the State 
itself. 

What is wanted is local rather than national 
education. for until the people of any community 
or State begin to appreciate the value of good roads 
and the waste of bad ones no practical progress 
can be made. In this connection the plan followed 
by the Road Commissioners of Massachusetts is an 
excellent one, and it can be inaugurated in any 
State. Object lessons, in the form of scattered 
sections of acientifically constructed roads, built by 
local contractors and out of the best available local 
material, but under expert direction. tell the farm- 
ers at once how such roads should be built and 
what they cost. The good road is there to compare 
with the bad by actual use, and the construction of 
these isolated sections of highway educates a class 
of good-road builders, who can extend the system 
in any section as its merits become more apparent. 
The test of this method lies in the fact that in Mas- 
sachusetts the people are beginning to loudly de- 
mand an extension of the improvement. because 
they see its advantages; and when this feel- 
ing prevails, the final solution of the problem 
is only a question of time. Our chief objec- 
tion to the national commission proposed is that 
it is not so constituted as to beable to do the 
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work demanded of it, and that almost exactly the 
same work is being better done in Massachusetts, 
aud can be done in any State which will take the 
trouble to appoint proper men upon its road com- 
missions, and support these commissions by proper 
legislation. A national commission might assist 1p 
awakening separate States to the importance of 
such a movement. but the actual work must be 
done by State authorities. 


—e 

The very valuable and interesting paper on the 
**Levees of the Mississippi River,” by Mr. Wm. 
Starling, in this issue, will, we are sure, be appre- 
ciated by our readers for its literary merit as well 
as the technical informatio: presented. Itis seldom, 
indeed, that a contribution reaches us which is so 
nearly a model of what we believe an engineering 
paper should be in respect to literary form as this 
of Mr. Starling’s, and we especially commend its 
perusal to young engineers who wish to study bow 
to put their contributions to engineering literature 
into the best possible shape. 

Mr. Starling has condensed more information 
concerning the Mississippi leyees into fewer words 
than has ever been done in any paper ou this topic 
that has ever cowe to our notice, and he has at the 
same time made a paper so explicit and well 
worded that it is as easy reading and entertaining 
as a novel. 

The final test of the success of a technical paper 
as of a technical work is whether it accomplishes 
the object for which it is intended. The object of 
an engineering paper is to inform the reader, and 
to effect this bis interest must be held, by present- 
ing the facts in so clear and concise a form that his 
mind will grasp them without becoming fatigued. 
In too many professional papers this simple rule is 
lost sight of altogether; the writer sets down his 
facts in the tirst words that come to him, with no 
thought of logical arrapgement or clearness. Mr. 
Starling’s paper is in delightful contrast to this 
class of writing. After a perusal of bis paper and 
an examination of the engravings accowpanying 
it, reproduced from some excellent photographs by 
Coovert, of Greenville, Miss., one feels as if he had 
examined the works on the ground. The only 
criticism which we imagine any of our readers may 
make of the paper is that it does not tell enough; 
but this is no fault of Mr. Starling, it is chargeable 
only to the editor’s inexorable restrictions respect- 
ing space. 








TT 
CALCIUM CARBIDE AND ACETYLENE. 


There are two things which the man who is 
asked to invest money in a new invention will in- 
variably wish to know: First, is it valuable? Second, 
is it new? By “ valuable,” we mean, is it an in- 
vention which can be practically made and sold 
at profit?.By new, we mean, is it so novel that 
valid patents can be secured upon it, with claims 
sufficiently broad to deter competitors from enter- 
ing the business? 

For a year or more the newspaper and trade 
press have been publishing articles concerning 
calcium carbide and acetylene, until they bave 
awakened a popular interest in it which reminds 
one of the aluminum craze of a few years ago. We 
gather from the numerous reports which reach us 
that .the promoters of the acetylene business are 
exploiting their product by the sale of State aid 
city rights, at large figures, to parties who organize 
local companies to own and control these rights, 
capitalizing them at enormous sums and distribut- 
ing the stock broadcast. 

Now, there is, of course, nothing illegal in this 
method of exploiting a new invention. Voubtless it 
yields a larger and surer return to the owners of the 
patents than any other plan; but at the same time 
itis a plan which invariably arouses suspicion as 
to the soundness and actual merit of any new enter- 
prise whose managers follow it. 

There is something else to be said about this 
method of promotion, and thatis that whenever it is 
chosen, the actual merits and demerits of the scheme 
exploited become no longer a private matter, but a 
matter of general public importance. If John 
Smith is trying to sell his patent on a new pipe 
wrench to a tool manufacturer, that is a private 
matter between the parties concerned; but wh«n 
thousands of persons in all parts of the country 
are invited to invest their money in a new and 
experimental industry, it behooves those respon- 
sible for this invitation to make a clear and frank 
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showing of all they have and all they claim to the 
public whose savings they ask for: and it is a 
matter of public concern that they should do this, 
and that the showing should be a satisfactory one. 
There are many reasons why the merits and de- 
merits of such an euterpmse are a matter of public 
concern. We need not enumerate them now, fur- 
ther than to point out that the failure of any such 
scheme to fulfil its promises to those who put their 
funds in it makes the investing public wary of all 
new enterprises, and makes more difficult the at- 
tempt of an honest inventor or manufacturer to 
secure capital. 

We publish in this issue two papers on acetylene, 
both written by experts, who have been engaged 
inthe study of the new product, its method of 
mannfacture, etc. Both of these gentlemen agree 
that acetylene is likely to come into commercial 
use; but one is much more sanguine than the other 
concerning its commercial prospects. 

Dr. Birchmore, it will be noticed, declares his 
conviction, based, we believe, on a careful and thor- 
ough study of the patent records and of scientific 
literature, that the patents on the production of 
carbide and acetylene, which are being exploited 
in such a wholesale manner, are invalid and cannot 
be sustained in the courts. Mr. McMynn makes no 
reference whatever to the validity or the reverse 
of these patents, and it must be frankly said that 
his paper gives really very little satisfactory infor- 
mation concerning the carbide manufacture, which 
we believe is really all that he has personally in- 
vestigated. 

lt is common knowledge that very sweeping 
claims have been made for the new illuminant. 
It has been asserted that the carbide could be pro- 
duced asa by-product in any electric lighting sta- 
tion, thus giving the machinery something to do in 
hours of light load. The cost of its manufacture 
has been put as lowas 5 per ton, and by compar- 
ing the candle-power hours in the gas which a ton 
of carbide will produce with the candle-power 
ho'rs in 1,000 cu. ft. of city gas at retail 
prices, an enormous value has been computed for 
the new product. Of course, only the credulous 
will put contidence in a method of computing 
values in which the absurdity is committed of 
taking the retail selling price of the article with 
which the new product is to compete as the stand- 
ard of values. 

It seems worth while to brietly review in these 
columns the several steps in the new process and 
see what are its real commercial possibilities or 
probabilities. 

Taking up first the production of the carbide, 
the process, briefly stated, is heating a mixture of 
carbon and lime in an electric furnace. This pro- 
duces a direct combination of calerum and carbon 
(Ca Ce.) In effecting this chemical change a large 
amount of heat is absorbed. How much is a ques- 
tion on which authorities appear to differ. A 
writer in the “ W2stern Electrician” of Nov. 16 
last, stated that 2.55 heat units (ib. Centrigrade) 
are absorbed by each pound of carbide produced. 
On that basis the theoretical maximum production 
per horse-power hour would be 0.555 Ibs. Dr. 
Birchmore, in his paper in this issue, states the 
carbide production per horse. power hour at 1.374 
Ibs., based on the theoretical amount of heat ab- 
sorbed. The promoters of the industry claim to 
have actually made in their works at Spray, 15 
lbs. per 24 hours per horse-puwer or 0,625 lbs. per 
horse-power hour, and to expect to make 20 Ibs. 
per 24 hours or about 0.83 ibs. per horse-power 
hour in their new plant at Niagara Falls. We 
do vot know the authority on which either of the 
above theoretical statements are based, and con- 
cerning the alleged records in the plant at Spray, 
we understand thatthe primitive machinery in use 
there would make a reliable measure of the power 
absorbed in the production rather difficult. 


The writer in the ** Western Electrician” above 
referred to, Mr. C. R. Harding, also deducts the loss 
of heat due to the fact that the carbide is formed at 
a very high temperature, and manifestly all the 
heat coutained in the mass after the chemical 
charges occur is a loss, This appears to be correct ; 
and on this basis he computes the probable practi- 
eal eftiviency in carbiae production at 14 Ib. per 
hor-e-power bour. Assuming 300 working days of 


24 hours in the year the annual production, ac- 
cording to these figures, would be 1,800 lbs. per 
borse- power-anuum. 
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On the other hand, if we accept the statement 
that 20 Ibs. per day per horse power of electric 
energy can be produced, we have an annual pro- 
duction per horse-hower of 6,000 lbs.. or 3 
tons. There are a number of water-power plants 
where electrical evergy can be furnished at 
$18 to $30 per horse-power per annum, and in 
some cases even iess figures might be obtained 
It thus appears that the investor in acetylene stock 
will do well to ascertain, first of all, the actual 
theoretical heat absorption in the production of 
calcium carbide. It isnota matterof authoritative 
record ; it should be determined experimentally by 
competent and disinterested chemists, for the com- 
mercial practicability of the carbide industry 
hinges upon it in the first place. 

But while we may be certain that cheap power 
and an efficiency of not less than one ton per an- 
num per horse-power are doubtless essential to the 
commercial success of carbide manufacture, these 
are by no means the only conditions. How much 
heat is lost in the electric furnace? Is it 80% or 
50% or 20% of the total received? Only experi- 
ment can definitely settle this question; but we 
are inclined to believe that a loss of 50% will be 
about the lowest attainable. The temperature of 
the furnace is enormous, 5,000°C., it is said, and 
every one knows that the difficulty of preventing 
the transfer and dissemination of heat increases 
enormously with increase of temperature. 

But besides the electric power which generates 
the heat for the electric furnace, there will be 
found a large number of other expenses when the 
manufac.ure is undertaken on a commercial scale. 
We may briefly note some of them: 


Raw Materials and their Preparation.—Lime and 
coal are reasonably cheap, provided any ordinary 
commercial grades can be used ; but it would not be 
at all surprising if it were found that a considerable 
degree of purity were required in each to avoid 
undesirable combinations in the furnace. Each of 
these materials must be crushed and ground to 
powder, and the two must be intimately mixed. 
This means, of course, a certain amount of expense. 

Other Expenses of Carbide Manufacture.—We 
can do little more than enumerate a list of those 
that occur to us as, follows: Carbons, furnace re- 
pairs, labor, superintendence, interest on cost of 
plant, depreciation, taxes, insurance (provided it 
could be secured), preparation of product for 
market, packing, storing, shipping, ete. 

We sincerely doubt whether the people who are 
investigatingin acetylene stocks, or those who are 
talking so glibly about the manufacture of carbide 
by electric-light companies, really appreciate just 
what sort of stuff calcium carbide is, and especially 
the fact that it not only gives off acetylene when 
moistened, but gives it off continually by taking 
up moisture from the air. Consider what this 
means with respect to its manufacture. handling 
and transportation. As soon as it is made it must 
be packed in air-tight receptacles of some sort, and 
kept in them until it reaches the point of final use. 
Like every other combustible gas, acetylene is vio- 
lently explosive wben mixed with air; in fact we 
are informed that its air mixtures are even more 
explosive than ordinary hydro-carbon gases. It is 
manifest that the handling, packing, transporta- 
tion and use of such a substance must be attended 
with extreme care at every step; and even with 
such care a certain percentage of accidents must 
be expected. The investor in carbide securities 
wili do well to inquire what methods it is proposed 
to use for packing, storing and shipping the car- 
bide, and what the expense is likely to be. We 
apprehend that the risk which will apparently be 
inseparable from carbide manufacture, will be such 
that electric-lighting companies will not veuture 
to thus put in jeopardy their power stations and 
the expensive machinery therein. 

The Use of Acetylene—The brilliancy of the new 
gas as an illuminant is so great that its exhibition 
isa most impressive spectacle, and has probably 
been the most influential factor in attracting in- 
vestors to the new industry. It does not follow 
from its brilliancy, however, that the new light is 
certain to be popular. The public bas long been 
accustomed to the use of yellow light for artificial 
illumination, and such brilliant white lights as the 
electric are lamp and the gas burner are ratber 
slow to find popular favor. They are said togivea 
green and ghastly hue to objects. Of course this 
consideration would at most retard the popularity 





of the new light in certain fields. In outdoor 
lighting, for example, it would be of no import- 
ance. 

Doubtless the most important question as to the 
use of acetylene (provided it is found that its pro- 
duction is commercially practicable) is. how shall 
it be burned? It was at first proposed to sell the 
carbide, and let each householder wake his own 
gas from it; but the absurdity of putting such an 
inherently dangerous process as gas generation in 
the care of ordinary household servants was so 
apparent that this scheme, we believe, has been 
practically abandoned. If not, it had better be. 
At present the proposition which meets most favor 
is to distribute the gas liquitied by pressure, in steel 
cylinders, and let every houscholder connect such 
a eylinder to his house piping. What is likely to 
happen with more or less frequency with such a 
system was illustrated a few days ago at New 
Haven, Conn. when a cylinder of acetylene “let 
go,” killing three persons. We do not know the 
pressure at which acetylene liquifies, but it is 
probably pretty high. We understand also that 
the storage of acetylene in closed cylinders is 
peculiarly dangerous on account of the fact that 
impurities are liable to be present in the gas which 
will combine with it under certain circumstances 
with the evolution of a great deal of heat. 

To what extent these dangers can be modified or 
guarded against is a question which only extended 
experience can settle. It may be that it will be 
possible to 80 systematize and safeguard the manu- 
facture and use of acetviene that it may be avail- 
able for the lighting of cars or boats, or for isolated 
country houses. But that such a system could 
form a dangerous competitor of gas or electric 
light for illumination of city houses seems very 
unlikely. The average householder wants his light 
furnished with the least trouble and attention pos- 
sible. He wants no bother in replenishing his sup- 
ply at periodic intervals, and, above all, no compli- 
cated apparatus about his premises which may be- 
come dangerous if monkeyed with by an ignoraut 
servant. 

Looking at the matter on general princioles 
merely, it has seemed to us that the best prospects 
for the commercial success of acetylene were in its 
adoption as an enricber for ordinary city gas. 
Dr. Birchmore claims, however, in his paper in 
this issue, that the conditions of combustion in 
ordinary water-gas, such axis now in generai use, 
are such that acetylene gives practically no ben- 
etits when mixed with it, If this is correct and 
acetylene must be used pure if at all, its chances 
of commercial success would seem to us much 
better if distributed through the present street 
mains from central stations, or even through new 
and independent mains, than if reliance is placed 
on any scheme of distribution in a liquid form in 
cylinders under high pressure. 

Concerning the patents on the manufacture of 
the carbide, ete., which are being so actively ex- 
ploited, we have already stated that their sound- 
ness has been publicly questioned. Inasnfuch as 
the value of the “righ's” which are being disposed 
of at such large figures, according to newspaper 
reports, depends entirely upon the validity and 
breadth of these patents, those proposing to invest 
in acetylene stocks will do well to carefully inves- 
tigate this matter. The brilliancy of acetylene as 
an illamivant will avail nothing to the buyers of 
these “rights” unless the monopoly which they 
purport to create can be Iegally maintained. 


——— 8 


LETTERS TO THE EDITOR. 


Simpler Formulas for the Flow of Water in Pipes. 


Sir: In common, I presume, with most other hydraulic 
eniginueera, I have taken a great interest in the results 
shown by the 48-inch pipe of the East Jersey Water Co. 
I hare loug been convinced of the danger of placing -con- 
tidence ip calculated results based on formulas in which 
minute account is taken of varying conditions of interior 
surface, relative velocity, etc. Not that these conditions 
—particularly those of interior surface—are pot con- 
trolling factors, but simply because it is practically 
impossible to determi: e these conditions for any given 
system of pipes, and still more impossible to predict how 
long these conditions may continue to exist without 
undergoing modifications and changes due to time and 
service. We know asa fact that the delivery ofa pipe 
line must go on diminishing with age, owing to the for- 
mation of a greater or less degree of incrustation, not to 


speak of the probability of leakage gradually })«); 
developed. It has appeared to me, therefore, that cos; 
disappointments. would be avoided by using simp): 
formulas, containing a wore liberal allowance for ,, 
known and unknowable factors. 

In maving the calculations some years ago for my |it; 
work on hydraulics, I was struck with the fac: that 1) 
adoption of a reasonable mean co-efficient for roy, 
pipes, or those which had been some years in service, |; 
to the following formulas, which may be said to repre 
sent the absolute maximum of simplicity, for the .. 
efficiency ts reduced to unity. 


Sie MN i aiasicncetnabaitiasteneoneeeeessees(l) 
. 5 
D = 


Also, approximately ; 
We AF Bie BOT Ri ivataatnakdartsceposessorecess (3) 
In these equations: 


Q=cubie feet per second. 

D=diameter oz pipe in feet. 

H=fall per 1,000. 

V=feet per second. 

When Mr. Rafter’s paper upon the detected inaceura 
cies of the Rochester experiments was read (Jan., 1892), 
before the American Society Civil Engineers, I applied, 
in my discussion of the same, the above formula (1) to 
the 36 and 24-in. compound system of pipes mentioned. 
The delivery of these pipes, according to the calculations 
which had been made, should have been 14.39 eu. ft. per 
second. The actual measured discharge was only 10.43 
that is, the actual discharge was on'y abcut 72 % of the 
calculated. Applying formula (1), as above stated, to the 
36-in. pipe, the fall per 1,000 being (.45, the discbarge 
was found to be 10.46 cu. ft. per second, or almost cxactiy 
the true one. Applied to the 24-in. pipes. in which the 
grades were 3.83 and 3.58 per 1,000, the average dis 
charge per (1) was found to be 10.89 cu. ft. per second; a 
very close approximation to the truth, and forming a 
striking contrast to the totally inaceurate results ob- 
tained by a presumably more intricate formula 

Now. turning to the New Jersey pipe line, the calcu- 
lated delivery was 50,000,000 gallons per 24 hours, or 
77 37 cu. ft. per second. The actual discharge through 
anew clean pipe was 34,000,000 gallons—that is, the 
actual discharge was 70 % of the calculated, practically 
the same as for the Rochester line, thus showing that 
the same course of reasoning lead to about the same 
degree of inaccuracy in the two cases. 

Now, let us apply formula (1) to the East Jersey pipe 
line Mr. Hering, in his communication in your last 
issue, which I have just read, and which prompts the 
present letter, gives the fall per 1,000, or H as 2. We 
have then 


Q= J 4°+ 2 = 45.25 cu. ft. per second. 


This is about 84 % of the actual discharge from the 
new clean pipe, and may be assumed to represent the 
probable delivery in a few years, when the pipe shall 
have become mre or less incrusted. 

Agaip, suppose we had wished to determine the proper 
diameter for a pipe to deliver 50,000,000 gallons per 24 
hours, or 77.40 cu. ft. per second. Using (2) we would 


have: 
5 so 
D= = 
Rs = 5 ft. 


Now the point which I wish to make is just this: If, 
in designing the East Jersey pipe line the many probable 
—nay, certain—defects inherent to a long line of pipe of 
large diameter had been taken into consideration, all 
ultra refinement of calgulation based upon assumed per- 
fection of workmanship discarded and a simpler formula 
used, the result would have been a triumphant success 
instead of wortifying failure. And the same may be said, 
under different circumstances, of the Rochester line. 

I think I cannot better terminate this communication 
than by quoting the following paragraph from the dis 
cussion of Mr. Rafter’s paper already referred to: 


“Tome one of the most important features of these 
experiments is that they —— the fact that, in 
view of the many retarding influences at work inside of 
an ordinary pipe line, particulariy after the lapse of 
years, during which the consumption is increasing, it is 
unwise to put faith in hair-splitting formulas, which 
raise false hopes as to the — = of the pipes.” 


‘ Vi ‘ai yours, 
Yonkers, N. Y., Jan. 25, 1896. . Sherman Gould. 


—————_— 

(A member of the editonal staff of this journal 
was in Minveapolis last week, and while callicg on 
Mr. J. T. Fanning, M. Am. Soc, U. E., asked him for 
his views regarding the deticient carrying capacity 
of the 48-in. steel pipe line under discussion, refer- 
ring especially to Mr. Herschel’s letter to the Board 
of Directors of the East Jersey Water Co., pub- 
lished in our issue of Dec. 19, 1895, and the news 
note in our issue of Jan. 16. The.result of the in- 
terview is given below.--Ep.) 

Nr. Fanning remarked that th: deficiency of capacity 
of the 48-in. main, which ‘is delivering only 35,000,000 
instead of 50,000,000 gallons of waterAaily, as stated 











Jan. 30, 1896, 


Mr. Herschel,was certainly a very serious matter, and 
-- marked also that Mr. Herschel’s statement, that all 

.rkers and writers in this line of engineering had been 
ceived as to the carrying capacity of riveted steel 
iter pipes, was @ severe arraignment of those en- 
ieers working largely in this line. Mr. Herschel ap- 
cred te cite oply the Rochester, N. Y,-cowpound con- 
it of 36 and 24-in. pipe laid in “1876 to justify bis 
oad assertion. % ostt 

Mr. Fanning stated that he had gono over the Ro- 

ester pipe line near the close of the year 1889. in 

mpany with the Chief and Assistant Enginecrs of the 
iter Board and the patrolmen of the line. Data was 
:Len being gathered for a report on an additional water 
pply for the city of Rochester, which report was 

ade in the following February by. Mr. A. Ftelev, M. 
am. Soe. C. E., and himself. 

The Rochester pipe was ther in use to its full capacity, 

id the draught by the city was so great that the storage 

servoir, known as Rush reservoir, was drawn. down 
very low. The patrolmen stated that the pipe line was 
» good condition and no leaks of any importance were 
discovered, but several locations were pointed out where 
tuere had been great difficulty in placing the pipe be- 
cause of quicksand foundations, The necessity of con- 
stant use of the pipe to maintain the draught of water 
by the city precluded the possibility of makinga weir 
measurement of the flow of water in the pipe, and Rush 
reservoir was covered with ice. 

Referring to his original notes, Mr. Fanning remarked 
that the city had acquired the right to draw 9,000,000 
gallons of water from Hemlock lake, and a' measurement 
of the flew through this pipe when first completed had 
been reported as at a rate of nearly 913 millions gallons 
per 24 hours. The profile of the line showed that the 
first section from the lake was 50,776 ft.in length of 
36-in. riveted pipe, with a fall to the end of 28 ft. from 
normal low water iu the lake, giving a hydraulic grad- 
ient sloping 0.583 ft. per 1,000 ft. The second section 
was shown as 51,495 ft. of 24-in. pipe, falling approxi- 
mately 118 ft. to the surface of full Rush reservoir, giv- 
ing a hydraulic gradient sioping 2.291 ft. per 1,000 ft. 
This 24-in. pipe was in part riveted and in part cast- 
iron. The totel head from lake to full reservoir was 
stated to be approximately 146 ft. 

Mr. Fanning stated that he had checked the probable 
capacity of this pipe by his diagram showing the fric- 
tion of flow in smooth cast-iron pipes, such as are ordi- 
narily in use in public water supplies, and found that in 
such pipes a total head of 165 ft. was required to deliver 
9,000,000 gallons, and checking again by coefficients 
deduced from experiments with new asphaltum. coated 
riveted pipes, the computed head to deliver 9,000,000 
gallons was 148 ft. 

The diagram indicated a flow at a rate of 8,400,000 
gallons in equivalent east-iron pipes and the computh. 
tion for new riveted pipe indicated a flow of 8,900,000 
gallons daily, on the assumption 0° 146 ft. total head. 

The lake was at that time above its low water level 
and the reservoir much below its full level, giving more 
than its normal head. Messrs. Fanning and Fteley 
therefore expressed the view that the conduit was 
then delivering approximately 9,000,000 gallous of 
water daily, if the pipes were free from leakage and the 
iuteriors smooth, as described to them. 

More recently (in 1890) Mr George W. Rafter, M. Am. 
Soc. C. E., who was Assistant Engineer of the Water 
Board, and who had, in 1889, accompanied us over the 
line, made a carefal measurement of this old pipe line, 
and made piezometric observations of its actual hydrau- 
lic gradients in the different sections between adjacent 
air valves. A description‘of this survey appears in the 
transactions of the American Society of Civil Engineers 
for January, 1892. 

Mr, Rafter states that the total fall between the lake 
and reservoir 1s 143.8 ft., instead of 146 ft,, and that the 
fall in the 36-in. pipe is 21 ft., instead of 28 ft, as 
shown on the original profile drawing, which shows a 
reduction of 25 % of the effective head of the 10 miles of 
36-in. pipe. 

The piezometric test should have shown a substan- 
tially uniform gradient in this 36-in. pipe, but the indi- 
cations were variable and show at a few points a con- 
siderable increase of resistance to flow. 

In 1894 the Chief Engineer of the Water Board made 
some gagings at the reservoir of the flow of this com- 
pound conduit, and concluded that its delivery rate was 
somewhat less than 7,900,000 galions daily, thus con- 
firming the fact that there were local causes fur the 
irregular friction gradient discovered by Mr. Rafter. 

The facts in this Rochester case seem to support rather 
than discredit the computations of those engineers who 
have had experience in this branch of their profession. 

The journey over this ol pipe line, in 1889, was for 
the purpose cf discovering the proper line and location 
of the proposed new conduit of 15,000,000 galions daily 
capacity from Hemlock Lake to Rush reservoir. Hemlock 
Lake lies south of Rochester, and its outflowing stream 
runs northeasterly about 15 miles toward the city and 
then westerly to the Genesee River. The old conduit 
follows the valley of this stream about four miles, and 
then rises suddenly on to the plateau west of the stream. 
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At about 15 miles from the lake it has dropped down to 
the outflowing stream. This rise and several other rises 
appeared to be quite objectionable. A lower line was 
deemed advisable for the new pipe, and the topography 
of the country Indicated that a better line could be 
found. A reconnaisance developed a better line with 
only slightly increased length, and Mr. Rafter was 
detailed to make an accurate survey of the new line. 
This suryey indicates that if its line hai been used for 
the old pipe, th» capacity of the old pipe on this in- 
creased gradient would have been 19,000,000 gallons, 
as compared with between 8,000,000 and 9,000,000 as 
laid. 

Mr. Fanning, being asked to what he would attribute 
the deficiency in the East Jersey 48-in. pipe line, replied 
that his information was only such as had been pub- 
lished, together with the description of the line given to 
the New England Water-Works Association by Mr. 
Herschel in 1893, and published in its journal for Sep- 
tember of that year. 

He remembered that Mr. Herschel had stated the 
hydraulic cradient of the line to bea slope of 2 ft. per 
1,000 ft. Referring to his diagram of pipe frictions. * he 
replied that the diagram indicated a probable flow of 
48,000,000 gallons in 24 hours, if the rate of flow was 
uniform and there were no accumulations of air at the 
summits. He cited a recent test he had made of a supply 
main in one of the Lake Michigan cities, where the flow 
from the lake to the pump well was through a pipe 
having a summit at its entrance to the puwp well, and 
the accumulation of air in this one summit reduced the 
effective head of the pipe 6%. 

Mr. Fanning remembered that Mr. Herschel had stated 
to the New England Association that his 48-in pipe had 
been designed to operate with the pressures due to its 
hydraulic gradient only, by control of its flow from the 
Macopin end, and referred to this as a novel feature 
which, so far as Mr. Herschel knew, was first embodied 
in this pipe. 

When pipes have been so used heretofore, it has been 
found necessary to provide means to protect them from 
collapse at the summits, and when there are numerous 
summits and many steep grades, as shown in the East 
Jersey profile, the flow is not solid and at a uniform rate, 
and there are tendencies to vacuums at the summits. In 
such cases, the conditions are those of a successive series 
of pipes from summit to summit, and with varying 
hydraulic gradients, and their capacities are materially 
reduced thereby. In such cases, the formula based on 
experiments with solidly filled pipes with uniform veloci- 
ties of flow would not be applicable. 

The statement that the observed rate of flow in the 
East Jersey pipe is as much as 35,000,000 gallons daily, 
instead of 50,.00,000 gallons,as Mr. Herschel auntici- 
pated, seems, under the circumstances, to again support 
rather than discredit the computations of engineers 
familiar with pipe constructions. 

The published profile of this East Jersey pipe line in- 
dicates that the blunder at Rochester in 1876 served no 
useful purpose here, fur there a very important pipe had 
been reduced 50 % in capacity by running it over bills 
when it could have followed the valley, as the pew Roch- 
ester pipe now does. The East Jersey line, as shown on 
the published map, seems to nearly parallel the valley 
while passing over high hills, and eventually to cross the 
valley as did the Rochester line. 

The Collision in the St. Louis Tunnel Caused by a 
Sleepy Signalman. 


Sir: The editorial comment in your issue of Jan. 16, 
on the recent accident in the St. Louis tunnei, is based 
upon a misunderstanding of the facts, and I must beg 
leave to set you right. The traffic through the tunnel is 
not controlled by a simple manual block, but by a Sykes 
electric interlocking apparatus at each end of the 
tunnel. At either end of each track is an insulated sec- 
tion of about four rail lengths, forming a track circuit. 
When a train entering the tunnel passes over this insu- 
lated section it locks the signals behind it, not only 
locking the levers but closing valves in the pressure 
pipes, so that even if the levers could, by any dis- 
arrangement of the locks, be thrown, the signals would 
not respond. The normal position of al! signals is 
locked to danger. The operator at the entering end can- 
pot lewer his signals until he is unlocked by the operator 
at the leaviug end. On the night of the accident there 
was no failure of the Sykes interlocking. When the 
Wabash train approached “ X” office (the tower at the 
west end of the tunuel) the operator cailed Washington 
Ave. to unlock his signals. The tunnel being clear, the 
Washington Ave. operator unlocked the levers at “X” 
office, thus allowing that operator to clear bis signals for 
the approaching train. When the Wabash train passed 
over the track cireuit at the west end it locked the sig- 
nals behind it. Before reaching the track circuit at the 
east end of the outbound track the train was stopped by 
some defect in the air brake. It was thus stalled be- 
tween the two track circuits. The operator at “xX” 


: « [Nustrating bis table of cofficients of frictions in “A 
Treatise on Water Supply Engineering,” Van Nostrand, 
New York, 1877. 
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office, having had no report of the Wabash train leaving 
the tunnel, asked the Washington Ave. operator, when 
the Vandalia train was due, if the Wabash train had 
passed him. The operator wrongly replied in the aftirma- 
tive, as you stated, even giving the time when the train 
passed his office. The operater of “XX” office then 
called for sigvals for the Vandalia train, and the Wash 
ington Ave. operator unlocked him, thus allowing the 
signals to be cleared for the Vandalia train 

A continuous track cirevit was installed through the tun 
nel some ten years or more ago, but failed completely after 
a short time and was abandoned. For the past nine years, 
to my personal knowledge, the tunnel has been operated 
under the Sykes system with remarkable freedom from 
failures or accidents. We are now considering the feasi- 
bility of installing the tunnel with electme signals, but 
the probiem is one of peculiar difficulties, which can only 
be appreciated by those who are familiar with the re 
quirements of the traffic and the physical conditions of 
the tunnel. 

No mechanical or electrical block system can dispense 
with human intelligence. In this case the operator was, 
as you say, “careful, temperate and trustworthy.” 
Moreover, he was not overworked, aa the operators work 
three shifis of eight hours each. Yours respectfully, 

N. W. Eayrsa, 
Supt. of Structure and Interlocking; Terminal Railroad 
Association. 
St. Louis, Mo., Jan. 20, 1896. 


(The local authorities must, of course, be assumed 
to be good judges of wlat is practicable or imprac- 
ticable under local conditions, but we may again 
call attention to the lopg and successful use of the 
track circuit system for the block signaling .of the 
busy four-track Harlem tunnel, which forms part 
of the approach of the Grand Central Station, in 
New York city. A track cireuit would have pre- 
vented the unlocking of the signals in the rear of 
the stalled train. We are glad to know that there 
has been such freedom from accidents, and fully 
realize that human intelligence cannot safely be 
dispensed with. Undoubtedly the best and safest 
system is that which eftects the interlocking of 
mechanism and human intelligence.—Ed.) 
+>. 

Effect of Grades on Hauling Capacity of Locomotives. 

Sir: If you know of any published results of actual 
physical tests showing the hauling capacity of locomo- 
tives on grades of different percentages of steepness, I 
would bo greatly obliged if you will refer me to such 
publication. What I wish to ascertain is, how much 
greater tonnage will a locomotive haul up a 1% grade 
than up a grade of 2 0or3%. I want to know the result 
of any reliable actual physical tests, if any have been 
made Yours truly, W.B Bradley, 

Gen. Freight Agent; Marietta & North Georgia Ry. 

Knoxville, Tenn., Jan. 21, 1896. 

(We do not know of any series of tests on this 
matter, but from a long and detailed table in Well- 
ington’s ** Economic Theory of Railway Location,” 
we take the following figures of maximum working 
loads (behind the tender) in regular service. The 
adhesion is taken as 44; rolling friction at 8 Ibs., 
and the weights are in tons of 2,000 lbs. 











—-Weight, tons—— Train loads 
Eng. on ——-on grades of —— 
& ten. drs. Cy la. 1% 2% 3% 4% 
Eight-wheel... 58 24 17x24ins. 371 192 118 78 
OGUI.. 26-0008 - 64 32 17x24 597 269 171 118 
Ten-wheel ..... 7 36 19x24 476 308 198 138 
Consolidation. $0 48 20x24 777 420 273 193 
oe — 
Notes and Queries. 


J. H. D.—Asks for information concerning horizontal 
band saws for cutting heavy timber, and of saw mille in 
which such horizontal saws are used.—A horizontal band 
saw for cutting Java teak was built a few months ago 
by A. Ransome & Co., of London, under the Landis 
patents. The saw is 38 ft. long, 5 ins. wide, running over 
5-ft pulleys and traveling at the rate of 7,000 ft. per 
minute. Can any of our readers supply information as 
to the use of such machines in this country? 
o> 


PARLOR CARS FOR THE BROOKLYN HEIGHTS R. R. 


The latest innovation for extending the facilities 
affurded by electric street and suburban railways 
is the introduction of parior cars for the use of 
theater or picnic parties, ctc., and we illustrate 
this week one of two handsome parlor cars recently 
built by the Barney & Smith Car Co., of Dayton, 
O., for the Brooklyn Heights R. R., of Brooklyn, 
N. Y.. which bas already put mail carsin service, 
as noted in our issae of Dec. 19, 18:5. 

The cars are framed with the builders’ special iron 
constraction, and have extended platforms sup- 
ported by T-iron sills. They areYeach mounted on 
a pair of the Barney & Smith class E suspensio:: 
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Dimentions of Parlor Car for Brooklyn Heights R. R. 








Length ineide...... evesseetnseecss sens oooee 24 ft. 4 ins. 
oe of cach platform.....cccocccccsese HB BC * 
“ over all......ee. cvvccccesccccsocess OO O * 
Width tnside.,... 90 seees adoureee pier dn Ce, 
“ over main panels.......s.ce0ss a 
“ over cove panels. ......... 7 4 39 
Height from floor to main ro f... Sa, ae 
oe ” “ to monitor roof..... woos: 4 ™: 30%n * 
* bottom of «illtotopofroof. 8” 6 “ 
oe “ rail to top of roof............ 16“ i 
Diameter of wheels...... sevaecee S 9. 4. 
TEER WOES DONO. s ceccncecennense ee. + 
Total - ee ung bo 69 5050000) 00600646 04s ae ©? he 
Distance ¢. toc of trucks ..... és cvdece oes TB Rly * 
HP, of each MOtor...ccccccccsccccces vesese 20 BP. 
We Oe Ce Si ctecatccncs sntnsegn cece 8,000 Iba. 


“of two trucss (without motors).. 7,500 * 
“ total (without motors or electri- 

Cal equipment... .-0s cceccceses 15,500 * 
total (in running order),......... 
spring motor trucks, the construction of which is 
such that the floor of the car is very little higher 
than in an ordinary four-wheel car. There is a 
semi-elliptic plate spring over each axle-box, and 
the spring hangers are connected to an equalizer 
formed by an inverted semi-elliptic plate spring 
under the main sill of the truck. There are also 
spiral springs at the sides of the axle-boxes, The 
controllers are of the General Electric Co.’s make, 
aud each truck has a 20-H!’. Westinghouse motor. 
One of the trucks is also fitted with the air-pump 
(operated by an eccertric keyed to one axle) and 
mecbapisem for the Standard Air-Brake Co.’s brake, 


“ 


i Interior of Parlor Car; 
Barney & Smith Car Co., Builders. 


Brooklyn Heights R. R. 


the brake shoes being applied to all the wheels of the 
car. The interior is beated by eight of the Central 
Heating Co.’s electric heaters, placed agaiust the 
sides near the floor, Light is furnished by three 
chandeliers of three incandescent lights each and 
a light carried on a bracket in each corner. All 
these lamps have opal globes and ornamental 
shades. Electric platform lights and headlights 
are also provided. Electric push-buttons, to sum- 
mon the porter or waiter, are placed between the 
windows. A Crawford fender is titted to each cur. 

The interior is finished in mahogany, with oil 
finish, and the headlining is of cream colored com- 
position, decorated in gold. The floor is covered 
with a Bigelow-Wilton carpet, and the windows, 
which are unusually large and of plate glass, have 
Burgess tapestry spring Curtains, with Burrowes 
automatic fixtures and silk hangings. There are 
20 cane chairs upholstered in brown plush, harmo- 
nizing with the peacock-blue eftect of the carpet 
and window hangings. The hand straps are carried 
in bronze rods extending the length of the car, and 
all the metal fittings are of bright bronze. In each 
corner is a buffet, with table top and lockers above 
and below. Four small tables, for refreshments o1 
cards, can be tittea to the sides of the car. There 
are double doors at each end, the two doors opening 
simultaneously when one handle is pulled. The 
platforms are inclosed with ornamental railings 
and gates, and the hood of the roof is supported by 
bronze rods and brackets. A box on one platform 


carries twelve camp stools, which may be used in 
the ear or ov the rear platform. 





Each car is in charge of a porter, and waiters and 
refreshments will be furnished as desired. The cars 
may be hired by individuals or parties and used for 
long distance rides tu the seaside or other pleasure 
resorts or for trips for theater or skating parties, 
ete. 

The ears are painted dark blue, lettered and dec- 
orated in gold, while the trucks are finished in 
vellow, pricked out with black. The general dimen- 
sions of these cars are given in accompanying table. 
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CURVED MASONRY DAM FOR THE WATER.WORKS 
OF THE CITY OF REMSCHEID, GERMANY.* 


(With inset.) 


The curved masonry dam across the Eschbach 
Vulley, forming a reservoir of 35,310,500 cu. ft. 
capacity, isa particularly interesting feature of the 
extension of the water-works for the city of Rem- 
scheid. 

The dam is shownin plan, elevation and section 
in Figs. 1 aud 2, and in a partially completed state 
by the view, Fig. 3. It is 13 ft. 142 ins. thick at the 
crest; 49 ft. 212 ins. thick at the base, and about 
82 ft. high. In order to avoid tensile stresses on 
the maso iry the cross section has been so deter- 
mined that the lines of resistance for both a filled 
and an eipty reservoir lie within the middle third 
of the section. 

In plan the dam is curyed to a radius of 410 ft. 
this method of construction was adopted in orier 
to leave sufficient freedom for movements due to 
varia.ions in pressure or in temperature, as it alse 
admitted of making a better and firmer bond at 
the wings. 

The work was commenced in May, 1889, aud in 
November, 1891, water was admitted into the 
reservoir. 

As will be noticed, the courses of masonry are so 
laid as to be at any place as nearly as possible per- 
pendicular to the varying direction of the resuitant 
ot the acting forces. While this method has not 
been previously used in dam construction, the 
author, who was the engineer in charge of the 
work, beheves that it contributes to the safety of 
sucb structares, especially by obviating horizontal 
dispiacc ments, when the back pressure is admitted. 
ile refers in this connection to the case of the 
tiouzey dam, which. however, in other respects 
was notoriously weak. While, therefore, many do 
uot consider it necessary to lay such courses, the 
author remarks that for the reason st«ted, and 
because it offers no great difficulty, he isin favor 
of this method, and is using it also in two new 
dams which be is now building at Altna and 
Miispe. 

The stone, a Linneite slate, was quarried in the 
immediate neighborhood and is hard and of good 
weather-resisting [qualities; its specific gravity is 
2.7, and it has a crushing resistance of :28,400 Ibs. 
per sq. in. It was washed by a stream of 
water an« thoroughly cleaned with steel brushes 
before being used. The masonry, composed of this 
stone laid in Trass mortar, weighed 4,045 lbs, per 
cu. yd. In preparing the rock foundation to receive 
the bottom courses, it was first cleaned by a stream 
of water under high pressure, and any existing 
crevices were filled with concrete before the whole 
was leveled off with this material. Great care was 
taken to close up any springs that might be encoun- 
tered. If any such existeu alter the bottom had 
been covered with concrete, they were conducted 
through pipes either away from the masonry or 
upward, and when in the latter case the pipe bad 
reached a height at which the water did not appear 
after a long period, the pipes were tilled with 
concrete and the masonry built over them. 

The amount of masonry in the dam and its appur- 
tenances is about 617,935 cu. ft.; of this the mor- 
tar, owing to the irregular sizes of quarry stones, 
forms about 38 %. 

Careful attention was given to the selection of 
mortar and the method of applying it, and its pro- 
portion of 1 Jime. 11, trass powder and 1 Rhines‘and 
was adopted after an extended series of tests. 
These tests showed that an increase of sand from 
lg to 1 gave a much stronger mortar, both as to 
tensile and crushing resistance, and tests made 
since then have caused the author to adopt a still 
greater proportion of sand in his present works, 


“Abstracted from “@ paper by Prof. O. Tutze in the 
** Journal of the Society of German Engineers,” by O. J. 
Marstrand, M,. Am. Soc. C. E. 








namely 119. The tests also showed the superiorit, 
of such mortar kept under water to that ex posed 
to the action of the air. and for this reason the 
mortar was constastly kept moist during con 
struction. Comparing the trass mortar used t. 
cement mortar, the point is made that the forme: 
is better adapted to dam building from the reaso., 
that it sets more slowly and can be left a whole 
day after it is made without injury. The tests also 
show it to be superior to cenent mortar in point o{ 
elasticity. It should be noted that the trass use: 
in this mortar was very fimely ground. No settliny 
of any part of the dam was observed during con- 
struction and since then no cracks have appeared. 
For the reason that most dams show leaks during 
the first years, a layer of cement mortar and asphalt 
was applied upon the up-stream side of the dam - 
the asphalt extending down to the bottom and 
covering it for about 20 ins. On top of the asphalt 
a brick wall from 11, to 24g bricks thick was laid i), 
cement mortar. For this outside covering the 
author prefers cement mortar, as it is better able 
to resist the action of exterior forces than trass 
mortar. 

The dam has shown itself to be perfectly water- 
tight. The effect of rain has, however, caused 
moist spots to appear on the outer curved face, and 
in the dams which he is now building the author 
has ivserted drain pipes below and parallel to this 
surface, 

Careful measurements have been taken to ascer- 
tain the radial movements of the dam due to 
variations in pressure and temperature. The for- 
mer have caused the greatest movement at the 
center—1 1-16 in.—while at symmetrical points 
between the center and the wings the observed 
motion was 9-16 in. The greatest effect due to 
temperature changes was observed during a very hot 
and dry summer upon the curve surface,and was 
7, in. on one side of the dam against only 1s in. on 
the other. This unsymmetrical action is explained 
by the fact that the former was entirely exposed 
while the latter was largely protected against the 
influence of thesun. The author believes that if 
the dam had not been curved these movements 
would certainly have produced cracks. 

The cost of construction of the dum, its over- 
flow and spillway, excluding payments for land, 
amounted to 383,000 marks, or $91,154. 

As the reservoir was to do service not only for 
the water supply of the city of Remscheid, but was 
also, according to agreement with the city autbori- 
ties, to supply motive power to numerous manu- 
facturers in the Eschbach Valley, it was decided 
to separate the supply for the two purposes, so as 
to keep the purest water for the city itself. For 
this purpose two brooks, which tlow into the 
upper end of the reservoir, were dammed up separ- 
ately and their flow was collected in wells, From 
these the water is conducted by vitrified pipe lines 
along the slopes of the valley, with very little grade, 
to points near the masonry dam; from these points 
it is conducted by cast iron pipes under consider- 
able head into the collecting tower, which is located 
about 36 ft. distant from the dam. The purer 
brook water, therefore, is conducted separately into 
the immediate vicinity of the dam without coming 
into contact with the water contained in the reser- 
voir. The quantity of the water taken from these 
brooks is, of course, subject to fluctuations, as is 
likewise the amuunt of the water delivered from 
the pumping station; therefore, the capacity of 
the collecting tower would at times prove inade- 
quate. For this reason the self-acting valves (y 
and h), shown in Fig. 2. were resorted to. When- 
ever the influx of the brook water exceeds its con- 
sumption, this water passes through the outlet 
valve into the reservoir; when a greater amount of 
water is pumped than the two brooks supply, the 
reservoir water flows into the tower. The interior 
of the gate tower may be drained whenever the 
water in the reservoir is not too high by closing 
the gate valve on the inlet and outlet pipe shown, 
and cutting off the conduits supplying the brook 
water. 


The ordinary outlet of the water in the reservoir 
is through a telescope pipe, suspended from floats, 
the mouth of which can be raised or lowered, ac- 
cording to the temperature or the level of the 
water. Ata very low level an emergency inlet, 
which is operated from the bridge, connecting the 
crown of the dam and the collecting tower, comes 
into action. Ae 
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THE LEVEES OF THE MISSISSIPPI RIVER. 
(Concluded from page 71.) 


When there is no firm ground on the land side in 
which to drive stakes, as when there is wa er 
standing against the back slope, the ingenuity of 
the engineer is sometimes pretty severely taxed. 
Brush, in one form or anotber, held down by earth, 
loose or in sacks, is the unfailing resource. Some- 
times it is made in the form of mattresses, or rough 
fascines. In fact, the variety of high-water work 
is infinite. 

Crevasses. 


In spite of all precautions, a crevasse will some- 
times oceur. It is proverbial among levee men 
that breaks seldom happen where they were ex- 
pected. There are persons, especially of the old 
school of “ high-water fighters,” who take pleasure 
in believing and proclaiming that the Mississippi 
and everything relating to it are not governed by 
the ordinary jaws of nature, and that there is no 
calculating what it may or may not do. Thereason 
that breaks do not often happen in places known 
to be dangerous is that such places are always 
carefully watched and the weak points strength- 
ened. When crevasses do occur, it is generally be- 
cause of some hidden defect which could not be 
suspected, or some circumstance that could not be 
foreseen or controlled. 

Levees very seldom break from sloughing, for 
that is easily remedied. They seldom, of late 
years. break from insufficient cross-section; they 
never break from sliding or overturning, as they 
ought to do, by rule. They do not often brenk 
from storms, though sometimes they have run very 
narrow escapes. Creyasses are due mostly to 
three causes—to being overtepped by the water, to 
holes through the levees, and to weakness of the 
foundation. 

In former years the most common of all causes of 
breaks was insufficiency of height. In 1882 the 
average height of the levees of the Lower Yazoo 
District was about 7 ft. The head against such 
levees can never be formidable to the underground ; 
holes in them are easily stopped; the depth on the 
foreshores was seldom great enough to permit the 
formation of considerable waves. But even a thin 
stream of water running over a bank of light or 
ordinary material will effect its destruction. On 
the lower coast of Louisiana, where the soil is a 
stiff black clay, it is said that water may run for 
twenty-four hours over a levee without material 
injury. Breaks in this locality usually oceur, it is 
said, through the ravages of boring animals, 
through neglected rice-flumes or from similar acci- 
dents. Even after they occur they enlarge very 
slowly, and if taken in hand within a reasonable 
time after their occurrence, they may generally be 
closed. 

A very difterent condition prevails in the upper 
parte of the valley. If water be allowed to run 
over the levee, little gullies soon cut out which 
develop into great ones; a cascade pours through 
the cut, which erodes great holes in the back slope ; 
huge blocks of earth fall in from the sides, and the 
mischief is soon irreparable. Once made the 
crevasse enlarges with fearful rapidity. When 
first discovered. it is perhaps 20 or 30 ft. wide; in 
an honr or two it is 100 ft., next morning it is 300 
and the next 500 or 600. 

In the famous flood of 1882, the water gradually 

reached the tops of the levees, and in places rose 
above the crown. The people turned out in force 
and raised the embankments, little by little, by a 
temporary “topping.” placed on the original crown 
—the earth being generally taken from the back 
slope of the levee itself. Sometimes sacks were 
used, placed in tiers and perhaps reinforced with 
fresh earth. Sometimes planks were set on edge 
and backed with earth. In this way, day by day, 
the people managed to keep up with the rise; till 
on the night of the 28th of February a furious 
storm arose, which swept away the slight “ top- 
ping,” and the water ran broadcast over large parts 
of the line. Next morning there were thirty or 
forty breaks. The same tale might be told of 
Louisiana. Arkansas had no levees worth men- 
tioning. 
; From the experience of this and previous years, 
it was inferred that the chief danger to be appre- 
hended was from water actually overtopping the 
levee, and construction was generally turned in the 
direction of increased height. 
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In 1890, some 3 ft. had been added to the 
heights of 1892, when another great flcod came 


. There were numerous breaks as before; but this 


time they occurred before the water reached the 
tops of the embankments. In the Lower Yazoo 
District there were five breaks. So far as was ob- 
served, ail were caused by weakness of some sort 
in the underground, beneath the base of the levee. 
In one instance, an eye witness declared that ** the 
ground rose up” 10 or 15 ft. inside of the foot of 
the slope, and the levee suddenly collapsed. A 
case which once came under the observation of the 
writer is strongly corroborative of this statement. 
In this instance, » small hole, about an inch in 
diameter, was observed, some 6 or 8 ft. inside the 
levee, spouting thick, muddy water, about the ccn- 
sistence of chocolate, A ftirger was thrust into this 
hole, to ascertain its direction. On withdrawing 
it, the hole scvddenly enlarged tothe size of a man’s 
wrist, then rapidly to the size of one’s leg, and 
presently the whole levee gave away to the distance 
of 20 or 30 ft. 

There has been some difference of opinion among 
levee engineers as to whether these failures are 
due merely to the weakness of the loose soil of the 
foundation or to cavities of some sort existing, 
unsuspected, beneath the embankment. ‘ihe 
question is not easily settled, nor, perhaps, is it 
essential that it should be, so far as the reality of 
the danger is concerned, or the nature of the reme- 
dies to be applied. These have been discussed 
already. F 

Closing Crevasses. 


The closing of a crevasse isan operation which 
ranges, in point of difficulty, from the easy to the 
impossible. In lower Louisiana, where the levees 
are comparatively low. the foreshores high, the 
breaks small and the soil strong, so that the gaps 
cut out very slowly, the closing of a crevasse is 
frequently a matter of a day or two’s labor. The 
work is done by the planters themselves, who 
usually have a stock of material on hand, in readi- 
ness for such an emergency. In the upper part of 
the valley, where the levees are high, the soil 
light, and the crevasse may enlarge at the rate of 
several hundred feet in a day, the task of closing 
it will probably be beyond the means at hand 
within any reasonable time or within the practi- 
cable limits of cost. 

There is orly one plan of closing breaks which 
has been practiced with success, and that may be 
called the Creole plan, because it was, so far as is 
known, first employed by the planters of French 
descent of lower Louisiana. [t has been in vogue 
with them for a long time. This plan may be 
likened to the operation of raising a movable 
needle-dam. 

First, a number of bents are set up, analogous 
to the trestles of a Poiree dam; then stringers 
are placed to connect the bents; and lastly, 
hand-piles are driven in front of the stringers, 
supported by the latter, in place of the needles. 
The work is completed by filling in with sacks and 
earth. 

The first thing to be done is to get the material 
on the ground, or enough to start the work; then a 
large number of men are set at filling sacks. Usu- 
ally the most difficult part of the task 1s to get 
earth enough. Generally everything in the vicinity 
is overflowed, so that earth has to be boated from 
a distance, or else obtsined from the adiacent 
levee. The first is slow, the second dangerous. If 
the levee was weak enough to break, it will not be 
improved by robbing it of a part of its substance. 
Next, the berts are to be driven. 

For small levees it may be sufficient to have the 
bents composed of from three to five hana-diiven 
piles. The workmen begin from both ends of the 
break. driving bent after bent by standing on the 
ends of run-plank. projecting beyond the bent pre- 
viously driven. This process brings the bents 
about 4 ft. apart. The piles are braced together as 
fast as driven and the stringers placed in position 
asr pidly as the bents are set up. The pile-dike 
thus constructed is floored over with plank, on 
which are placed piles or plank in quantity enough 
to close the work, and also a sufficiency of sacks 
(centals) filled with earth. The closing piles are 
not driven close together, but only near enough to 
keep the sacks from passing through. They are 
driven as nearly as possible simultaneously along 
the line, as many men, with heavy mauls, being 
employed as can work to advantage. Thus the 
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final operation of closing the line may occupy less 
than ap bonr. The sacks are then thrown in front 
of the continuous line of piles as rapidly as pos- 
sible, 

In the practice of the writer, several small 
breaks have been closed in this way. In these 
cases, huwever. brush in large quantity was used in 
addition to the small sacks. As soou as the closing 
of the line by piling was effected, brush was thrown 
into the water in front of the dike, aud pressed to 
the bottom by forks. This process was repeated 
until the brush reached the surface of the water. 
Sacks were then thrown in front of the brush. 
The latter was replaced asit sank by fresh mate- 
rial. The oftice of the brush was, tirst.to econo- 
mize earth, which was exceedingly searce; and. 
second, to give continuity and boud to the strue- 
ture, so that the scouring-out or breaking of a pile 
should not canse a breach in the work. 

For breaks in deep water this plan hus to be 
modified. The bents are composed of a greater 
number of piles—sometimes as many as ten. In 
general, it is said, the width of the dike shonld be 
three times the depth of the water. The piles are 
generally 4x4-in. scantling. Stringers are placed, 
not only on the front of the bents, but along each 
row of piles from the front, thus, with the horizon- 
tal braces dividing the dike into cribs about 4 ft. 
square. The continuous piling is also driven in 
each row. The whole width of the dike is then 
floored with sacks of earth. thrown in with as much 
regularity as possible, so as to give about one tier. 
This course is followed by another. reaching en- 
tirely to the front, but stopping short at the back 
by the length of two or three sacks, so that there 
may be a projection of the bottom tier toeatch the 
overfall. This process is continued to completion. 
The work is then tinished by a rongh coffer dam 
or ‘“‘mud-box,” as it is locally called, made by 
driving light sheet piling in front of the pile- 
and-sack dike, and filling in between with strong 
clay. 

The most signal example of success in the use of 
this method was the closing of the Tessier break in 
Louisiana in 1892, with a maximum depth of 11 or 
12 ft. the above details are mostly taken from an 
inspection of that work by the writer shortly after 
its completion, 

The piles, in these processes, are all hand-driven. 
Steam pile-drivers have never been employed with 
success, though there are some interesting records 
of experiments with them, 

If crevasses cannot be closed their ends may be 
secured and the gap be thus prevented from en- 
larging farther in a lateral direction. In this. as 
in most other work, the method to be employed will 
depend on the surrounding circumstances. If the 
crevasse happen in front of a small basin, the lat- 
ter soon fills up, the back-water rapidly rises, and 
the difference of head between it and the river 
water is reduced, and with it the current through 
the crevasse. In such cases, if it be necessary to 
secure the ends at all, it may be done by stringing 
loaded sacks on a small rope or wire and thus de- 
positing them with regularity from the foot of the 
broken slope to the surface of the water, so as to 
form a complete revetment. 

If the fall be considerable and the back country 
open the current through the crevasse continues to 
be rapid, and a revetment such as that last meo- 
tioned would be speedily undermined. In this case 
an effective expedient has generally been to build 
out spur dikes of piles (generally steam-driven), 
brush and sacks, a short distance from the ends of 
the break. Thus is checked the most destructive 
part of tke current, namely, that which sweeps 
along the front of the broken levee, around its end, 
and again along the back slope, seeking the lower 
level which prevails there. 

It is but seldom that persons are drowned from 
crevasses. The back-water tills up slowly, and 
there is usaally ample time to save life and even 
property. The principal loss is in buildings and 
other improvements, live stock and crops. 

The administration of the levee system, under 
present circumstances, is a curious and anomalous 
combination of United States and State work. 
With two independent and concurrent jurisdic- 
tioas, there is abundant room for conflicts and 
cross-purposes. Nevertheless, the work has been 
generally harmonious so far, by the exercise of 
good sense ani! forbearance on both sides. Since 


1882, when the partnership between the Govern- 











i 
i 





78 


ment and the local authorities began. in the Lower 
Yazoo District, about two-thirds of the work has 
been done by the State organization (the Levee 
District) and one-third by the United States. Up 
to July 1, 1896, the respective amount of earth- 
work put up by the respective agencies will be in 
this district (from 1882 to 1896): By the Levee 
Board. 13,233,614 cu. yds.; by the United States 
Government, 6,342,277 cu. yds. The average 
height of the levees in this district is about 12 ft. 
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WILL THERE BE A “CARBIDE” INDUSTRY? 


By Dr. W. H. Birchmore. 


The substance which is already known among the 
interested as *‘ Carbide,” and seemingly is to be so 
called for some time to come, is the unstable com- 
pound of lime and carbon obtained by heating quick- 
lime in an atmosphere of vaporous carbon until the 
quick-lime fuses, vaporizes, and combines. The 
substances thus formed is known in science by sev- 
eral names: “Calcium Carbide,” “Calcium Carburet,” 
“Calcium Acetylide,” have all been coined and all 
are current, 

If this unstable carbide is thrown into water or 
exposed to its vapor, it immediately decomposes 
forming slacked lime and a gas, of an evil smell, in- 
tensely poisonous, called ethine. 

This gas is found present in small amount in the 
ordinary coal gas, and has been known to science 
as klumene, acetylene and ethine, which last is 
its proper scientific name. Oil enriched water gas 
contains no ethine, but a larger percentage of its 
polymers known as pseud-acetylenes. 

This ethine is a very peculiar substance and is 
produced at temperatures where nearly all other 
gases are rather inclined to dissociation than to 
formation. Berthelot devised a beautiful experi- 
ment, which has become one of the regular exhibits 
of the high schools, in order to illustrate this: ren- 
dering carbon gaseous by the heat of an electric 
current in an atmosphere of hydrogen, the two com- 
bine and produce a gas quite different from any other 
koown. Its formulais C, H,, and the carbon part 
weighs 12 times as much as the hydrogen part, 
while in methane, marsh gas, CH,, the carbon part 
weighs only 3 times the hydrogen part. 

This gas has been prepared in a number of ways, 
but it was ascertained by Wohler in 1862 that the 
probably correct way to reach the best method of 
production was by the decomposition of the “‘car- 
buret” of some alkali-metal. Then began a search 
for carbides, 

Sir Humphrey Davy had made the first one of 
them ever artificially formed by heating plumbago 
and metallic potassium in 1809. His description is 
not distinct because he had no true idea of what he 
had done. 

Years passed by, and Edmund Davy repeating the 
classic experiment, obtained the gas, discussed it, 
called it klumene. But he did not properly study 
his carbide. This was in 1836. 

1862 came and with it Wohler’s famous experi- 
ment by which ke made the first carbide by inten- 
tional synthesis. His work is recounted in Ann. 
Chem. u. Pharm., CX XIV., 220. It it improbable 
that this was the first,but it is the official announce- 
ment. 

Roscoe and Schorlemmer in their characteristic way 
summarize his whole article in one sentence (Vol. 
Ill., pt. 2, p. 455), “Calcium acetvlide CaC, is ob- 
tained when an alloy of calcium and zinc is strongly 
heated with charcoal. It is decomposed by water 
into calcium hydroxide and acetylene.”” Varions 
men working on Wohler’s suggestion made the 
carbides of various metals with more or less of suc- 
cess, but of course without obtaining results of any 
commercial value, of which indeed they probably 
never dreamed. 

1892 saw the last of these attempts. The final one 
was announced by Maquenne in ‘‘Comptes Rendus,” 
CXV., p. 558-561, and in the same volume, p. 1031. 
Moissan announced the manufacture incidentally in 
describing his electrical furnace. 

The reason for the pursuit of the carbides is 
obvious enough, men wanted ethine and they knew 
that cheap carbides stood for cheap ethine; and 
they imagined that because illuminating gas made 
from gas-coals contained a little, they could greatly 
improve it by adding more. But between the time 
the pursuit was started and that when the object 
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was attained an entire change had come in the 
manufacture of illuminating gas. 

The myth-makers are already busy with the story 
of the practical discovery of the manufacture of 
calcium carbide direct from quicklime and coke, and 
with that I have no concern; but undoubtedly it 
should be credited to Wilson, that while the making 
was a fortune-bringing accident, he had the good 
sense to see the value of that accident. 

For some months my whole time and attention 
have been laid out upon the questions involved in 
this matter, and [ am inclined to offer and am pre- 
pared to defend the conclusions which follow. 

The most careful search demonstrates that, while 
the first publication of the results of scientific study 
of calcium carbide came from Henri Moissan 
(‘Comptes Rendus;” Tome CX VIIL., 5 March, 1894), 
long after the statement of the first mention by him 
as the result of the reduction of quicklime by carbon 
(coke). (Comptes Rendu, CX V., pp. 1031, Dec., 1892. 
both are later than the mention of this substance in 
a patent issued to Wilson in August, 1892. This 
forces the concession that Wilson made the dis 
covery, and a reference to a paper by Maquenne 
(in Comptes Rendus, CX V., pp. 531) implies, by lack 
of mention, that Maquenne was practically ignorant 
of the matter. 

There is a curious custom in these meetings of the 
Institute, to be seen in ail the papers, that every 
member of the Institute at meetings ignores all work 
not that of members; therefére, itis quite possible 
that ethine made from calcium carbide may have 
been shown in Paris without any legal record before 
the dates given. 

The discussion of the laws of relation among the 
electrical furnaces needs not to be entered upon 
here; but it is quite certain that the methods em- 
ployed by the Morehead connection in manufactu- 
ring carbide are not those for which the Wilson 
patents were granted, and it seems to me rather of 
a burlesque on the learning of the Patent Office that 
the Wilson patent of June 18, 1895, shou'd have been 
allowed after the thorough ventilation of the state 
oftheartin all its details by Moissan in March 
1894, as in the work of Moissan stress is laid on the 
crystalline condition of the carbide. The imprint of 
Moissan’s communication reads; “Preparation au 
four electrique d’un carbure de calcium cristallise; 
proprietes de ce nouveau corps,” date, March 5, 1894. 
The Wilson patent reads: “Claim. The production 
of crystallized carbide of calcium, a new product,” 
date, June 18, 1895. The application for the patent 
was filed 361 days after the publication by Moissan 
of all that was needed by science or art for the 
reproduction of carbide indefinitely. It would be 
an amusing result if an attempt which, will surely 
be made, to overthrow this Wilson patent should 
make the manufacture free to ali the world. It 1s 
now the opinion of practically all patent lawyers 
who have examined the question that the Wilson 
patents are waste paper. 

The more this substance is studied, the more 
plainly it appears that there is room for much yet 
to be learned concerning the manufacture. Many 
are the scientific and practicable problems involved, 
as has been demonstrated in repeating the experi- 
ments of all interested from Wohler to Moissan. I 
beg leave to affirm that in addition to the CaC, union 
there are certainly others, and one of them seems 
to be more frequently produced by the Cowles pro- 
cess than by the Wilson. Incidentally it may be 
mentioned that a number of pounds of atleged car- 
bide made by the Cowles process came into my hands 
which would yield neither ethine, methane nor 
bydrogen. 

Still more singular were some of the vagaries of 
the samples made in North Carolina by the More- 
head connection. 

The Carbide of Calcium, CaC,, of Wilson, Carbure 
de Calcium, Moissan; Acetylure de Calcium, Wohler 
and Maquenne, is a black pseudo-crystalline mass, 
ofa maroon iridescence, when in the ideal form. It 
also forms in a black-gray, siag-like body, massive. 
A third form is black and seemingly porous. This 
form is inert. When the crystalline mass is thrown 
into water it yields ethine and ethine only; but the 
other never.yields pure ethine, and, in fact, its pro- 
duct is never twice the same. Hydrogen comes off in 
amounts sometimes equal tothe yield of ethine, and 
not infrequently methane. It is not my intention to 
enter into details now, but an experiment of Mois- 
san (“Comptes Rendus” CXIX, July 2, 1894,) shows 
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that the probable source of all the natural gas is ; 
decomposition of aluminum carbide by water. 

Substances Formed in the Amorphous Produ-: 
Surrounding the crystallized carbide in the iin 
of masses made by the Morehead process is al w. 
an amorphous mass. This mass is in many wa 
more interesting to study than the crystalline ;, 
tion. It does not yield ethine so largely as ;) 
other, but it yields always hydrogen and of;. 
methane. It contains carbide in the form Ca ‘ 
and another car’on compound giving for the mas. 
formula Ca C + C, but in whatever shape the mo). 
cule may be it is not decomposable by water. 1) 
formation of metallic calcium by direct reducti 
in presence of carbon must still be questioned: |; 
the easiest way to explain the presence of hydrog: 
pure is: Ca + 2H,0 = Ca2HO + H,. Among th. 
curious things that have been found in thes 
amorphous samples have been pale yellow pelle: - 
of an alumioum-calcium alloy. : 

The Method of Preparation.—In all the patents j- 
sued to Wilson is shown a furnace which is identica| 
in all respects with the classic Siemen’s type and i: 
the articles in the “Gas Light Journal” the same ap 
pears. It is the Siemen’s furnace with a part of his 
drawing left out and the balance disfigured: the 
electric governing apparatus is omitted. The in: 
plied purpose is to show the way in which carbide 
is manufactured. Now, in point of fact, there has 
not been one pound of carbide made in this way, 
andinthe judgment of some lawyers, and good 
ones at that, the performances of the Morehead con 
nection in using and exhibiting as a commercial! 
process of making carbide, a method not protected, 
and trying to sell the same has brought into the 
conditions surrounding a problem that will make 
plenty of trouble for their “‘innocent purchaser” 
after the latter has made carbide a commercial suc 
cess. In the method in actual use there is no cruci 
ble but an open hearth in which the material is 
piled and subjected to the current and as the center 
of the pile melts under the heat, pieces of boiler 
iron areset about so that the pile may be built 
higher. 

The rapid cooling at the surface makes a column 
of fused amorphous carbide with a crystalline center 
in the midst of a heap of uninfluenced lime and coke, 
built up between two vertical electrodes, one of 
which is constantly retreating. To call this an 
operation protected by the Wilson patents exposes 
one to contradiction. 

Be this as it may, I, personally, in laboratory ex- 
periments have made carbide as follows: 

(a.) By the Wilson patent method. 

(b.) By the Morehead practical unpatented 
method. 

(c.) In a furnace using Cowles’ methods of work- 
ing. 

(d.) By the Clarke patent methods. 

(e.) By the unpatented method of Moissan. 

And from these studies I have fuund that modifi- 
cations of Moissan’s multiple arc furnace will pro- 
duce the carbide even more cheaply than the More 
head method. ' 

The Determination of the Illuminating Power of 
Ethine.—It was not long after experiments in pho- 
tometry were begua before I saw plainly that the 
difference in the colors of the light of ethine and 
common illumivating gas would throw doubt on 
any comparisons made in the ordinary way. This 
was the more evident because a spectroscopic ex- 
amination showed so much difference in the rela- 
tive amounts of the various colored rays. I there- 
fore replaced the screen of the photometer by one 
made of paper with a grain. As a result the two 
fields appeared as illuminated spaces covered with 
innumerable dark spots and by moving the trial 
burner until an equality of darkness of spots in the 
bright fields was obtained, an accurate gage of the 
illumination was got notwithstanding a decided 
difference in the color of the two fields. 

From a mean of eight series (covering more than 
200 distinct observations) the fact came out that 
burned from a Bray 0000 lava tip, 1.4 cu. ft. of 
ethine per hour gives a light equivalent to that of 
64 candles, although much whiter. This whiteness 
is, of course, hypo- chromatic. 

‘he. Ethine Value of a Pound of Carbide.—The 
unstable calcium carbide (CaC,) in its purest and 
best crystalline shape will in theory eld about 5.5 
cu. ft. of ethine per pound of carbide decomposed. 
In practice, however, this seems hard to obtain. It 
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way be because the carbide is impure, it may be 
because there are circumstances in which other 
-arbides are formed; but 4.9 cu. ft. is the average of 
ail my experiments. Accepting this as the average 
rather than the theoretical amount, it appears 
‘hat the ceaadle power value of a pound of carbide is 
1 

escape from this conclusion, surprising as it appears. 

The Utilization of Carbide and Ethine for Illumi- 
nation.—Given the carbide, how shall we obtain the 
-thine, and having this how shall it be brought to the 
use of the householder? - This involves the whole 
question of commercial development. The simplest 
answer to the question of getting the ethine from 
the carbide is to throw a piece of the material into 
water and collect the gas which is immediately set 
free: but as we cannot do this every few minutes, 
and as the yield of the gas is so large as to be diffi- 
cult to manage, some mechanism for a continued 
supply must be introduced. Two plans of intermit- 
tent production are in common use among experi 
menters, one founded on the Kipp gas apparatus,the 
other on that of Fresenius. In the first the wateris 
forced away from the carbide by the pressure of the 
gas;in the other the carbide is lifted out of the 
wateras the gasholder rises. Both of these ma- 
chines are wrong in principle, as they omit any 
notice of the fact that the vapor of water will de- 
compose the carbide even below the freezing tem- 
perature, consequently the gas liberation is not dis- 
continuous, but is only variable. Machines on this 
basis have been constructed and they are in use in 
private plants in several places: both the defects 
mentioned require the use of repeated charges of 
small amounts of carbide, or a disproportionately 
large holder. To meet this difficulty differential 
pressure valves have been added to holders and ex- 
aggerated pressures used in them, but the system 
has not worked well. 

Another proposition is to use a very large holder 
such as the gas works employ and distribute the 
acetylene through the city street pipes. This 
method has the disadvantage that it allows an 
enormous waste. The tank leakage in gas works is 
serious enough now; but it would be increased 
about 18% with ethine, and that would be serious 
indeed. 

If small tanks and large are both out of the ques- 
tion, there remains but one way to handle the prod- 
uct, compress it and sell it in bottles. This can be 
readily done, and isa way both simple and safe, it 
having already been proved that the bottled 
compressed gas is as easy tocare for as an equal 
amount of water. By means of valves of the sort 
used on carbon dioxide bottles the pressure of the 
escaping gas can be easily regulated. At the present 
state of the art this seems to be the best way to 
handle ethine. 

The Size of the Bottle.—It is asserted that in an 
average house the consumption of gas in Brooklyn 
is about 10 ft. per night per burner, and as the usual 
burner is a 5-ft. tip, it may be assumed that the 
average gas lamp is to be burned two hours per 
night. A bottle, then, which would hold 10,000 cu. 
ft. at the needed pressure would hold enough for 
three months, even if the consumption were as 
great as that of gas, and as the amount used would 
be only 25% that of ordinary gas, a holder of very 
moderate dimensions would do for a month's supply. 
Such cans as these could be handled as readily as 
those of the calcium light company. The present 
pipe systems could be used well enough, but the 
tips of the burners would need to be changed. The 
facts have been clouded by many words, but my 
own experience shows 2 ins. of water at the burner, 
and a Bray 0000 as the conditions of choice at 
present writing. Under these conditions 1.4 cu. ft. 
are burned per hour. it must be remembered that 
ethine has, after methane, the smallest specific 
gravity among hydrocarbon gases; it is therefore 
very bard to manage and requires a very small tip. 

Three plans have been offered for the use of ethine 
as an illuminant, (a) to use it for enriching, (b) to 
burn it diluted with air, and (c) to burn it undiluted 
alone. Thereis something very funny in the prop- 
osition to enrich a gas principally made of cheap 
pseudo-acetylenes by adding a costly real one to it, 
but the absurdity of no scheme ever strikes a pro- 
motor if only he can find some one to believe in his 
ability todo the thing which he has undertaken. 
The logic of the proposition was something like 


x 64=224 candle power hours, There seems no 
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this: In years long past and gone it was said that 
the then’ /1sed gas would be improved by adding 
ethine ; therefore, if we add ethine to the present gas 
we willimprove it, taking no notice of the differ- 
eti¢és in the composition of the twogases. No more 
ill-considered project was ever devised. It is true 
that very small amounts of ethine added to the city 
gas, two parts per thousand for instance, will some- 
times “improve” the candle power as read on a 
Bunsen photometer to some eyes, but to other eyes 
quite as well trained will “disimprove” it, and care- 
ful experiments with the spectroscope-photometer 
show improvement only at the lavender end, where 
no improvement is needed. My own experiments 
have been confined wholly to the hypo-chromatic 
spectrum produced, and at present only one con- 
clusion is possible, and I think it will be amply 
verified, that any effort to improve the illumination 
spectrum of any hydro-carbon by adding ethine will 
be a failure. 

Setting aside the use as an enricher, the use pure 
as an illuminant remains. Ethine can certainly be 
burned pure: yes, if any one wants thelight. The 
question is one of desirability enly, and if people 
care less for their eyes than-they do for using ethine, 
by all means let them use the ethine: but they 
must take the consequences. Still if ethine is to be 
burned pure, it must be burned pure. The proposi- 
tion to mix it with air and then burn it is utterly 
absurd, and it is hard to see how it obtained seri- 
ous advocacy even fura moment. To mix air with 
any gas and burn it is to render the combustion 
more perfect, and while this will work with a 
mixture of many hydro-carbons of different break- 
ing points itis destruction to the light-giving 
power of one whose fundamental condition of 
luminosity is that the combustion shall be incom- 
plete. That a flame shall be luminous, it must 
smoke; vide the non-luminous condition of the 
Bunsen flame, in which the combustion is as perfect 
as it is possible to make it. A series of experiments 
conducted to ascertain the change in emission pro- 
duced by adding air to ethine shows that the visi 
ble irradiation begins to decrease at the red end of 
the spectrum, in comparison with a unit yellow, 
when less than 1:500 of air is present. That the total 
irradiation is visibly decreased by the heating of the 
Bunsen photometer, when it reaches 2%, while equal 
parts of air and ethine give only %, and 2 parts air 
to 1 ethine only { the irradiation of pure ethine. 
This is due not to a decrease in the light produced 
per unit area of the flame, but to a change in the 
flame area itself. The fact of the reduction is cer- 
tain, but the explanations are so far unsatisfactory. 
It may be due to the fact that the gas burns to 
carbon monoxide inside the flame, thus heating the 
radiant carbon to a less degree than if it were 
burned at the surface, the carbon mon-oxide burn- 
ing afterwards as a fringe above the luminous 
flame. That a fringe of burning carbon mon-oxide 
surrounds the flame at the top and on both sides is 
certain. 

In the present state of the art the only way in 
which ethine can be used to advantage for lighting 
is to decompose the carbide to obtain the ethine, 
pass it over substances that will absorb any mixed 
in oxygen, then dry it, finally compress it into bot- 
tles and sell it just as carbon-dioxide is sold, “by the 
bottle.” These screwed into fixtures connected with 
a system of house piping make a thoroughly ef- 
ficient apparatus when provided with suitable tips, 
say Bray 0000. 

The Value of Ethine in Terms of Other Sources of 
Tilumination.—The defects in the reflection spectrum 
of ethine are those of all high-temperature carbon 
lights; but as itis the hottest of them all, it has 
these defects to the highest degree. The precautions 
which are needful in dealing with the other lights of 
its class applied to it will make it available and a dan- 
gerous riva) for zasoliue air gas. There are certain 
defects in the “greased air” illumination which are 
carefully minimized, but are inherent in the nature 
of the process employed, which can be avoided by 
using a compressed ethine. It will then be simply 
a question of choice. The persons who buy gas ma- 
chines are not usually considerate of nickels, and 
the small marginal difference in cost will not affect 
their desire to have that which pleases. 

That ethine will please because it shows the fash- 
ionable tints brilliantly is quite likely, but should 
the fashion change, and in place of lavender and 
“ peacock tints” the warm reds and the deep 
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blues become the fashion, a light showing them 
well would be in demand and ethine would be im 
possible commercially. Were ethine introduced, it 
might aid in keeping these tones in fashion, just as 
the incandescent light has induced the use of these 
same for decoration. The dead white room is now 
a necessity to obtain even an apology for illumina- 
tion, and ‘dead white ” is really blue. 

In the larger field where cost must be considered, 
the case is not so plain. Expressed in candle power 
Lours the value of a thousand feet of gas shapes 
itself as follows: 1,000 cu. ft. at 5{t. per hour x 2 
candle power = 4,000c. p. hours at $1.25 per 1,000 cu. 
ft. This is 0.03125 cts. perc. p. hour, but the ques- 
tion of using ethine is not a question of cost per 
candle power huur based on the cost of carbide; 
there are a number of elements to be considered, 

It is asserted that in an average Brooklyn house 
using 5 ft.,i.e., 20 c. p., tips the consumption is 10 ft. 
per tip per night. From this it would seem that 
each burner is used say two hours. The introduc- 
tion of ethine would not materially lessen the num- 
ber of the tips, because in very few rooms is more 
than one burner a lighted one; but the conditions 
of the combustion of ethine require certain con- 
stants which may make it impossible to bring the 
light unit below 50 B. P. (Bunsen Photometer) 
candle power per burner. If the number of burners 
in a single house is 20, the consumption of gas per 
hour will be 100 ft., while the consumption of ethine 
would be 28 ft.or 0.28 of the gas consumption,and the 
candle power of emission will be 64 x 20, or 1,280, 
as against 400, or 3.2 times as much as gas. 

Expressing these facts of B. P. candle powerin a 
single equation shows that ethine is commercially 
only 15 times more radiant than gas, consequently 
to compete with gas it must not cost more than 15 
times as much atthe burner. This means that if 
20-eandle power gas sells for $1.25 per M., the ethine 
delivered at the burner must cost not more than 
$1873 per M. One ton of “carbide” will yield, with 
needed care, 10,000 cu. ft. of ethine, worth, on this 
basis, $187.50. This is the promoter’s comparison. 
On the other hand, the unit burned of ethine in 
candle power is needfully larger: in place of 20 B. P. 
candle power units 64 B. P. candle power seem to 
be, and at present are, the smallest practicable 
burners. This brings the margin down materially. 
In place of ethine selling at $18.75, the prohibitive 
price comes at $4.50, and the ton of carbide is 
worth only $45. In competing with gas in city 
consumption the carbide has a maximum price, 
which is also dangerously near the minimum. 

Gas (common illuminating) can evidently be much 
cheapened; suppose it came down to $1, would 
the carbide be a competitor then? 

W bile this matter must remain “sub judice,” there 
is no doubt that carbide must be reckoned with as 
a commercial rival by all the parties interested in 
producing illuminants: in cleanliness and safety it 
finds no rivals among the Standard’s products, and 
the question becomes simply one of price. 

It is perfectly well-known toall who have exam- 
ined the question that the Willson patents are sim- 
ply waste paper so far as protecting the monopoly 
of the manufacture and use of carbide are concerned. 
The ridiculous posturing of this interest has un 
doubtedly injured the future of carbide for many a 
day; still, as tbe manufacture is free to all the world, 
it is to be expected that we will hear more falling 
of walls and less blowing of trumpets in the near 
future. 

There are but two limitations in the carbide pro- 
duction, the productiveness of a HP., and the price 
of it. The maximum prcductiveness of the HP., be- 
yond which it cannot go, is 1.374 lbs. of carbide per 
hour, say 33 lbs. per HP. day of 24 hours. How near 
this can be approached,I do not know. Logs of 
many days run, at Spray, N. C., show that 15 Ibs. 
per HP. at the dynamo per 24 hours have been 
made, say an efficiency of 50%. This from my stand- 
point seems to prove a very great deal. The cost of 
a HP. day by water is very small,and there is no 
need of making a bugaboo of it. 

The choice of Niagara as the site of a manu- 
facture so purely experimental and so nnsatisfactory 
in many ways, raises doabts as to the’ judgment of 
the managers of the business. Still they probably 
made the choice with their eyes open, and it is 
safe to conclude that if they had not had some good 
reason they would not have chosen such a place. 
when so many water powers enough and to spare 











for their needs for many years could be obtained for 
so much less money. 

At Mr. Morehead’s figures, 1 HP. at the dynamo 
is worth 33% cts. per 24-hour day, and certainly 1 
dynamo HP. can be provided at l4c. per HP. 
hour, if pains be taken in the selection of sites and 
machines. 

There are two directions in which improvements 
can be made; the burners can be improved so that 
in place of a consumption of 1.4 cu. ft., and a 64. p. 
(B. P.) unit, a consumption limited to 0.45 cu. ft. and 
20 c. p. unit shall be reached. This would instantly 
bring the value of a ton of carbide up to the promo- 
ters’ figures and make‘the Morehead HP. value 4.48 
cts. per HP. hour. At the same time an increase in 
the efficiency of the furnaces to say 80%, which is, i 
am told, the efficiency of the Herault process, would 
raise the product to 27 lbs. per HP. day at the 
dynamo. 

Either one of these improvements would put 
ethine in the market as a rival for coal gas, electric 
lighting and even the common kerosene oil lamp. 


More than a dozen expert men are working on 
these problems, and any day the much wanted 
burner may come to hand and with it a revolution 
in the financial status of those who will doubtiess 
appreciate the advantage of being first in a commer- 
cial field. 


Once given a burner which will burn ethine 
properly and carbide industries will epring up all 
over the country, without any bubble blowing or 
professional promotion. There will not only be a 
carbide industry, but a great many carbide in- 
dustries, 
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SOME FACTS ABOUT ACETYLENE GAS.* 
By John C. MeMynu, M. E. 


Acetylene gas has been known for many years as a 
laboratory product too expensive for anything but ex- 
perimental use. A possible method of producing this 
gas on a commercial basis was developed in the electric 
furnaces of the Willson Aluminum Co., at Soray, N. C., 
by Mr. T. L. Willson, while experimenting with the pro- 
duction of aluminum and the smelting of other very 
refractory substances, such as lime, silice, calcium, etc , 
under the direction of Major J.T. Morehead, the presi- 
dent of the company, and a geologist of nearly national 
reputation. Experiments were being conducted with a 
view of combining the metal calcium with other metals, 
and inthe course of such experiments lime and coke 
were fused together and the resulting product thrown 
into water, when it produced a violent bubbling by giv- 
ing off a gas which, when lighted, eave an intensely 
brilliant flame. A long series of experin.entsa followed, 
made by Dr. De Clalenot and Major Morehead, to deter- 
mine the correct proportions of lime and coke, together 
with the analysis of all mixtures and resulting products. 

In a recent visit to Spray, N. C., 1 found a very prima- 
tive electric furnace, the current for which is furnished 
vy two 120 K. W. alternators. The voltage is trans- 
formed down to about 100; the carbons are 12x8 ins. 
and 36 ins. long. and with between 1,300 and 1,400 
amperes the brilliancy and intense heat produced can 
hardly be imagined unless seen. Finely powdered coke 
and crushed lime are thrown between the carbons and 
fused in the intense heat which resultsin the production 
of caleium carbide, This is a black crystalline substance, 
very hard and insensible to heat, but when placed in 
water produces a carbon vapor through the chemical 
combination of two parts of carbon with two parts of 
hydrogen, and which possesses the highest i!luminating 
power of any known gas. The calcium combines with 
the oxygen of the water, thus making a double decom- 
position. 


A company was formed to develop its production and 
to sell rights for ite manufacture. The new product has 
been the target for all the usual criticisms, and such 
papers as “* The New York Tribune” and ** The Engineer- 
ing and Mining Journal,”’ in recent issues, have asserted 
that there was never a ton produced in this country, and 
if there were it would have cost over $100 per ton. 
These statements can only be excused through a biased 
dotermination to oppose any new process, or a disin- 
clination to investigate both sides of a question. That 
the new gas will be a rival to electricity: annot be de- 
nied; and, as owners and managers of electric lighting 
plants, it behooves the members of this association to 
investigate the subject for themselves and to decide as 
to its value as an opponent to not only the incandescent, 
but the are light, and not to take the advice of such elec- 
trical papers as are too cowardly to atate the truth or too 
lazy to investigate. While at Spray every facility was 
given me to fully examine the plant and to make meas- 
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urements of all factors entering into its manufacture. I 
regret that at this time I cannot make my report public, 
but I can state most emphatically that while I was there 
two tons of calcium carbide were produced in two days, 
and at a cost of abuut $25 per ton. Samples of this 
carbide produced an average of 5.13 cu. ft. of acetylene 
gas per pound of carbide The methods used at Spray 
can be improved upon by any one building a new plant, 
and many of the losses can be eliminated. 


In regard to its use as an illuminant, acetylene gas, 
when burned in a tip using 1 cu. ft. p'r hour, will pro- 
duce about 50 ¢. p., but the flame is a solid flame, having 
no blue portion near the burner, and it seems to diffuse 
much more than this amount of light, because of the 
fact that its spectrur is nearly identical with that of 
the sun. A 1, cu. ft. tip will give a flame that is ample 
for all purposes of house lighting, and these tips will be 
most generally used. Admitting that these tips will re- 
place thecommon 4 or 5 cu. ft. tips, we would have 
12 cu. ft. giving more light than 4 cu. ft. of common gas ; 
or 1,000 cu. ft. of acetylene giving more light than 
8,000 cu. ft. of ordinary gas. rhe average price tor gas in 
six plants in Southern Wisconsin is $1.76 per 1,000 cu. ft., 
hence the corresponding price for acetylene gas would be 
$1.08 per 1,000 cu. ft. That is, acetylene gas couid give 
the same amount of light per 1,000 cu. ft. for this price. 
But the fact is that this gas can be produced at any 
suitable electric plant in Southern Wisconsin for a 
maximum figare of $5 per 1,0U0 cubic feet. 


The gas can be used in several ways, as follows: (1) 
Distribution through mains is not the most advisable 
methods, since leakage would be a large factor and the 
original invesimeut large. (2; The carbide can be dis- 
tributed to residences and a small automatic generator 
placed in the basement, in which a week’s supply could 
be stored. A house having 20 burners would probably 
use 10 burners fur about four hours per day, and with 
lg cu. ft. tips would consume 140 cu. ft. of gas per 
week, or about 28 lbs. of calcium carbide, at a evstof 3 
cts. per Ib. would give a gas bill of $3.36 per month, and 
the heuse would be much more brilliantly lighted than it 
could be in any other way, except by a larger number of 
incandescent lights. (3) A valuable property of the gus 
is that it will liquefy itself if the resulting gas is con- 
tined when water is added. This liquid gas is to be dis- 
tributed in cylinders similar to carbonic acid gas cylin- 
ders (as used for soda water fountains), and when ad- 
mitted to the house-mains through pressure reducivg 
valves it assumes all its gaseous qualities. 


To sum up the situation from an electrical standpoint: 
This is a new gas, having an illuminating power of much 
greater than common gas. No investment for street 
mains is necessary, hence the gas companies must use it 
either as an enricher or as an adjunct to their present 
system to supply isolated buildings and residences which 
can be reached teither by their present mains nor by 
electric lights. If they obtain the rights for this gas, they. 
will have a weapon which will be as much stronger than 
the Welsbach burners, as the acetylene flame is stronger 
than the Welsbach light. To produce this gas or caleium 
carbide, the gas companies must put in electric plants, 
which, when not in use making carbide, can be placed in 
com petition in electric lighting. 


There are places and many of them where nothing will 
ever supersede the use of electric lights, but when you 
consider that only 5 % of the residents of Southern Wis- 
consin are reached by gas and only 30 % are reached in 
Milwaukee, and that even less can be supplied with elec- 
tric lights, there is a field opened which is wonderful in 
the possibilities for successful investments and large 
business, 


Most of your lighting plants are idle during at least 
half the time, and could thus be made producing plants 
for the whole time, and you could reach a territory which 
cannot be reached by either the gas companies or your- 
selves without large outlays for extensions; and, in 
most cases, not reached at all. 

Of the following facts I am certain: 


1. The gas is intensely brilliant. 


2. Ithas a decidedly disagreeable odor if it escapes 
without being burned, and when burned emits no odor 
or smoke. 


3. The gas can be distributed for much less cost (con- 
sidering the interest on the investment) in cities, and 
also to every resident of the State, whether in the city or 
country. 


4. The same amount of light can be produced for much 
less cost than by ordinary gas or electricity, for 43 cu. ft. 
of acet) lene gas burned per hour gives more illumination 
than a léc. p. incandescent light, or 5 cu. ft. of ordinary 
gas. Allowing a maximum cost of $50 per ton for car- 
bide, delivered either as a liquid or as carbide. 


16 ©. p., With acety lene (45 cu. ft. per hour), costs.0.160 ct. 
16 c. p. incandescent costs, practically...........0.600 ct. 
16 c. p. ordinary gas at $1.76 per 1,000 cu. ft,, 

WIth 4 £6. TIP, COSTS... ..cccccsecsecsseeccseseesO. 704 Ct. 


The above figures are based on the present method of 
manuiacture and maximum cost, and no allowances are 


made for the improvements which must necessarily fol- 
low experimentation by practical men. 
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The substitution of masonry for the timber lini, 
the grest Stampede tunnel through the Cascad« {te 
in Washington has just been completed by the Nor): tn 
Pacific Ry. Co. The work has been under way since 
1888, having been begun directly after the tunne 
put in use. Its total cost has been about $50),000. 
lining consists of concrete sidewalls and a brick « h 
and extends throughout the whole length of the tu); L 
9,844 ft. Similer work has just been completed i. 
Mullan tunnel, extending 3,850 ft. through the )...\; 
range of the Rocky Mts., and a tunnel 200 ft. in ley o+) 
near the Stampede, has also been re-lined. Fyy:) we 
work of the same kind will shortly be instituted at ¢ he 
Bozeman tunnel, through the Belt range between He\. ), 
and Livingstone, Mont. All this work has been don: 
the Northern Pacific Ry. Co.'s forces, under the dire: tion 
of its engineering department, resulting in g:: at 
economy. The first year at the Stampede tunne! the 
work of tining cost $125 per lin. ft. At the end of the 
work improved methods and experience had reduced the 
cost to $34 per lin. ft. The removal of the old tinier 
lining presented a difficult problem, much of it having 
become rotten, and some of it being overlaid with |oose 
rock. It was effected by means of dynawite, and spe 
cially constructed heavy cars having side platforms. A 
small charge of dynamite was inserted in a hole bored 
in one of the overhead timbers of the section to be re- 
moved, and on being fired the timbering and all loose 
material above it fell on to the top of the ears. By means 
of this method work could be done with any sort of ma- 
terial, except quicksand, abuve the timbering. Not a 
life was lost in removing the timbering. The above in 
formation was kindly given to a member of the editorial 
staff of this journal by Mr. E. H. McHenry, Chief Engin 
eer of the Northern Pacific Railway Co., at his office in 
St. Paul. The Stampede Tunnel was described at length 
in our issues of Oct. 3, 10 and 17, 1891, and the new lin- 
ing of the Mullan tunnel, as then in progress, in our issue 
of Oct. 25, 1894. 
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The question of operating trolley cars on the new East 
River bridge is discussel in a report to the commission 
made by its Chief Engineer, Mr. L. L. Buck. This report 
says that if trolley curs are to be used on the bridge 
under present conditions, they must be run singly, or 
with motor cars and three or four trailers. Any such 
arrangement would be inadequate during the crowded 
hours on one track. Mr. Buck says that at least two 
tracks in the direction of travel would be needed to 
handle the traffic. As elevated tracks are to be provided 
for also, he suggests, as the best arrangement, placing 
the two elevated road tracks in the center, with two 
trolley tracks on each side of them, or six tracks in all. 
With this arrangement proper cross-overs could be made 
for each set of tracks. Under present conditions of 
traffic the live load over the whole bridge, incluaing 
roadways and footwalks, would not exceed 10,000 Ibs. 
per running foot of the bridge; but he would prefer to 
provide for further contingencies by calling this 12,000 
lbs. Mr. Buck does not think that the six-track project 
will cost more than his former estimate for a four-track 
bridge, as he assumed a higher load per lineal foot in the 
original estimate. Butif the width of the bridge is lim- 
ited to 113 feet, the footwalks would have to be placed 
over the carriage-ways. Except for right-of-way it would 
cost no more to put them outside the carriage ways. 

i - 4 & oe 

The proposed deepening of the Erie Canal through 
Rochester, N. Y., affects 24 street bridges in that city, 
and Mr. McClintock, Cy. Engr., makes some important 
suggestions in a late, letter to the City Council on this 
head. If the bridges must be raised 3 or 4 ft., as now 
assumed, the change in street grade would injure the 
streets and damage a large amount of property. Roches- 
ter is at the lower end of a canal level 621 miles long, 
and when built this level was planned to have a fall of 
at least 5 ft. 2 ins. in its length, in order to insure a 
sufficient flow from Lake Erie. The survey of 1840 
showed that instead of having a fall of about 1 in. per 
mile, as intended, the fall was only 19-in. per mile for,the 
40 miles from Lockport to Brockport, and was level to 
Rochester. Since that date the eastern end has been 
deepened and the banks on the western end raised s0 
that the actual slope is about 38 ins. in the 621s miles. 
Mr. McClintock says that this slope is not sufficient to 
indace the flow intended, and he suggests that the east- 
ern end should be depressed 3 ft. on the bottom and 1 ft. 
at tne surface. This, he claims, would insure a proper 
flow from Lake Erie, reduce the trouble in passing 
through Rochester and do away with the necessity for 
depending upon the Genesee water for canal use. 

——__+ 05> 

The long-abandoned mine of graphitic anthracite coal 
at Portsmouth, R. L., it is stated in a Providence paper, 
is to be reupened by a new concern called the New Eng- 
land Anthracite Coal Cv., composed of New York and 
Boston parties. It has long been believed that the coal 
cannot be successfully burned, but the proposition now 
is to grind it, add enough pitelor gt to make it free- 
burning, and deliver it in egg-shaped briquettes, made 
by automatic machinery. 
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